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PREFACE. 



By Georoe Otis Smith. 



The TTnited States of America comprise an area so vast in extent 
and so diverse in natural features as well as in dtaractors due to 
human agency that the American citizen who knows thoroughly his 
own country must have traveled widely and observed wisely. To 
"know America first" is a patriotic obligation, but to meet this obli- 
gation the railroad traveler needs to have his eyes directed toward 
the more important or essential things within his field of vision and 
tlicn to have much that he sees explained by what is unseen in the 
swift passage of the train. Indeed, many things that attract his 
uttentioii are inexplicable except as the story of the past is available 
to enable iimi to interpret the present. Herein lie the value and the 
charm of history, whether human or geologic. 

The present stinudus given to travel in the home country will 
entoLirage many thousands of Americans to study geography at first 
hand. To make this study most profitable the traveler needs a 
handbook that will answer the questions that come to his mind so 
readily ah>nff the way. Furthermore, the aim of such a guide should 
be to stimulate the eye in the selection of the essentials in the scene 
that so rapidly unfolds itself in tiie crossing of the continent. In 
recognition of the opportunity to render service of this kind to an 
unusually large number of AmpT-innn citizens, as well as to visitors 
from other countries, the United states (leological Survey has pub- 
lished a series of giiidebooks^ covering four of the older railroad 
routes west of the Mississippi. The present volume is an addition 
to this series and covers one of the finest scenic routes of the con- 
tinent. 

These books are educational in ]>iirpose, but the method adopted is 
to entertain the traveler by making more interesting what he sees 
frona the car window. The plan of the series is to present authorita- 
tive information that may enable the reader to realize adequately the 

^Ouldilbook of the western Uoited States: Part A, The Northern Padac 
Bonte, with a side trip to YeUowstone Paik (Bnttetln eil) ; Paft B, The Oveiv 

land Route, with a side trip to Yellowstone Park (Bulletin 612) ; Part C. The 
Santa Fe Route, with a side trip to the Grand Can:/on of the Colorado (Bulletin 
61B) ; Part D, The Shasta Ttmito nful Cofist T ine (BiiUetin 614). These bul- 
if (ii)s are for sale by the Superintendent of Documents, Washington, D. C, at 
50 cents a copy. . 
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PREFACE. 



scenic and material resources of the region he is traversing, to com- 
prehend correctly the basis of its development, and above all to 
appreciate keenly tke real value of the country he looks out upon, 
not as so many square miles .of territory represented on the map in a I 
railroad folder by meaningless spaces, but rather as land— real estate, I 
if you please— varying widely in present appearance because differ- | 
ing largely in its history, and characterized by even greater variation 1 
in values because possessing diversified natural resources. One I 
region may be such as to afford a livelihood for only a pastoral I 
people ; another may present opportunity for intensive agriculture ; | 
still another may contain hidden stores of mineral wealth that may 
attract large industrial development; and, taken together, these 
varied resources afford the promise of long-continued prosperity for 
this or that State. 

Items of interest in dvic development cr references to significant 
ei)ochB in the record of discovery and settlement may be interspersed 
with explanations of mountain and valley or statements of geologic 
history. In a broad way the story of the West is a unit, and every 
chapter ^ould be told in order to meet fully the needs of the tourist 
who aims to understand all that he sees. To such a traveler-reader 
this series of guidebooks is addressed. 

To this interpretation of our own country the ITnited States Geo- 
logical Survey brings the accumulated data of decades of pioneering 
investigation, and the present contribution is only one type of return 
to the public which has supported this scientific work under the 
Federal Government — a by-product of research. 

In the preparation of the description of the country traversed by 
the Denver & Bio Grande Western Route the geographic and geologic 
information already published as well as unpublished material in 
the possession of the Geological Survey has been utilized, but to 
supplement this material Mr. Campbell made a field examination of 
the entire route in 1915-1916. Information has been furnished by 
others, to whom credit is given in the text. Cooperation has been i 
rendered by the United States Forest Service and the United States 
Heclamation Swvice, railroad officials and other citizens have ! 
generally given their aid, and other members of the Survey have 
freely cooperated in the work. For the purpose of furnishing the 
traveler with a graphic presentation of each part of his route, the 
accompanying maps, 10 sheets in all, have been prepared, with a 
degree of accuracy probably never before attained in a guidebook 
and their arrangement has been planned to meet the ccoivenience of 
the reader. The special topographic surveys necessary to complete j 
these maps of the route were made by W. O. Tufts. 
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Guidebook op the Western United States, 
part e. the denver & rio grande western route. 

By Masius R Cahibiuu 



INTBODUCnOK^ 

The traveler who crosses the I riited States from east to west passes 
over many belts of country, which are different in types of surface 
features, such as phiins, plateaus, and mountains: in climate, espe- 
cially in amount of rainfall: and in the occupations of the inhab- 
itants, wliich are lartrely (h'lermined by their environment. He is 
likely to be more or less f arrtiliar with the eastern part of the country, 
which will therefore not be described here, but as soon as he crosses 
ilissouri "River, either at Kansas City or at Omaha, he enters a 
reofion that may be to him almost entirely unknown. In this region 
lie grows accustomed rather slowly to the sight of the level, unbroken 
stretches of the vast plains that extend from Missouri Eiver to 
the foot of the Eocky Mountains, but at last he becomes reconciled 
to the treeless landscape and bep^ins to enjoy the freedom of the ap- 
parently bountlless plain below and the limitless expanse of sky 
above. He may have expected to see traces of what was once called 
"The Great American Desert," but the region so named was long 
acfo proved to be a desert only in the imagination of some of the 
early explorers. As he goes westward, however, he observes that 
the crops decrease in abundance and that the density of the popula- 
tion decreases correspondingly, but that the country is nowhere 
iree from signs of habitation. In years of drought the plains be- 
come parched and brown, but even then they do not resemble the 
true deserts that lie west of the Rocky Mountains. 

In Denver the traveler is still on the plains, but he is so dose to 
their western edge and so near to the commanding peaks of the 
Hocky Mountains that he naturally regards Denver as a mountain 
city. He should rather regard it as the gateway to the mountains, 
for he will find that it is the natural entrance to much of this 
interesting region and that it enjoys the advantages of both the agri- 
cultural resources and transportation facilities of the plains and the 
mineral wealth and scenic beauty of the mountains. 

1 
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GUIDEBOOK OF THE WESTERN UNITED STATES. 



The ^'reat sprawliii*^ raii<j:es of the "Kockics'' we.st of Denver con- 
stituto one of the most formidable barriers to travel between the 
East and the A\'est. These mountains extend from the Arctic Circle 
across Canada and the United States as far south as Santa Fe. In 
the latitude of Denver the mountainous belt is only about 80 miles 
wide, but the ranges are rujrged and the principal peaks are high, 
some of them rising more than I4,()0() feet above sea level. Moun- 
tains of this height that can be seen from tlie level of the sea are 
very imposing, but tliesc mountains stand upon a broad platform 
that is itself G,(JO() to lO/KX) feet high, and they are consequently 
less impressive, for their height above their bases is scarcely more 
than a mile. 

The route of the Denver & Rio Cirande Western liailroad across 
the mountains of Colorado and the plateaus and deserts of T'tah, 
shown in Plate T. is particularly noted for the variety of its scenery, 
as it traverses a it'<jrion that presents an almost bewildering display 
oi natures handiwork. In this display the canyons cut by the 
streams and now followed l)y the railroad are perhaps the most 
wonderful featui-es, for tiiey give a vefy vivid impression of the 
great activity of the processes iroing on around us all the time and 
of the vast amount of ex< avation that has l>een done by the streams. 
Mining is the principal industry in the mountains, and in his jour- 
ney westward from Denver the traveler has opportunity to see or to 
visit some of the best-known mining ( amps in this country. Many 
of these camps are of recent development, luit some date back to the 
time Avhen gold was hi-st discovered in tiie West, and about them 
still cling the glamour and the romance of that time, when law was 
unknown and fortunes were made or lost in a single day. 

West of the Kocky Mountains, extending to the west face of the 
Wasatch Range, lies what is generally known as the Plateau Pro- 
vince, called by Powell the " Canyon Lands " — a region of high 
plateaus and deep canyons, which in this respect has no peer in the 
world. In this region there are few mountain peaks, and the pre- 
yailiog type of upland is the plateau with nearly level top and 
fiteep or even vertical sides. The slopes in these dry lands are gen- 
erally angular; they have not the smooth, flowing curves of those 
in. more hmnid regions* In the plateaus streams have carved 
deep canyons, the most remarkable of which, the Grand Canyon of 
the Colorado, leaches in its deepest part a depth of 6,000 feet 
The entire surface of the country is so intricately seamed with can- 
yons that it can be crossed only at certain places and even there only 
with great difficulty. The precipitation in the- region is very smaU, 
probably not more than 5 or 6 inches in a year on the lower lands, 
so that these lands are veritable deserts. They can be successfully 
cultivated by irrigation, howeyer, and much money has been spent 
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by private irrigators and irrigation companies and oy the Gov- 
ernment in carrying the waters of the rivers onto the thirsty laud. 
The climate at the lower levels is sjenerally mild, and where the 
lands have heeii thus watered crops of various kinds, including 
fruits, are raised in ahundanoe. Agriculture and coal mining are 
the principal industries, but they are restricted to certain tracts 
near the railroads. 

Beyond the Wasatch Mountains lies wliat is known as the Great 
Basin, which stretches westward from them farther than the eye 
can see. This is really an immense surface basin, rimmed about by 
higher land that prevents the streanis within it from reaching the 
ocean. If the rainfall were heavy the streams would find outlets, 
but as it is only a few inches a year the evaporaLion equals the rain- 
fall and the region is a desert j so little water is available that enough 
cm not b© had for irrigation except near its margin and in small 
areas where the conditions are exceptional. Near tlie border of 
the basin there are a few fresh-water lakes, but most of the lakes 
within it are salty, like Great 8alt Lake, which the traveler will see 
it the western terminus of the Denver tit Kio (iraude Western Rail- 
load. In the interior of the Great lias in there were once many 
lakes, but they dried up ages aga^ leaving tlieir bottoms snow-white 
with deposits of soda, borax, aiul common salt. The principal occu- 
l»ation in this region is metal nnning, and the mines are in the 
isolated mountain ranges that corrugate the floor of the basin and 
break the mujiotony of its surface. 

West of the Great inisin are the Sierra Nevada and the great in- 
terior valley and coastal features of California. 

DENVER, COIiO. 

The traveler who is unfamiliar with the West will find much to 
interest him in and about Denver. The city has spnmg up in a 
short time; it is, indeed, but little more than 60 years old. Its popu- 
lation, according to the census of 1920, was 256,491. The traveler 
who may b&ve tihought of Denver as a city in the center of a great 
niountainous empire may be disappointed in finding, when he arrives 
there, thnt it is a city on the plains, 15 or 16 miles east of the foot- 
bills and 50 to 60 miles east of the Continental Divide, or the main 
crest of the Eocky Mountains. ( See Route map, sheet 1, p. 32.) 

Although it is on the plains, Denver, in common with many towns 
in and near the mountains, owes its first settlement to the discovery 
of gold, which was found in the sand of Cherry Creek by a band of 
prospectors who were bound to the mountain region. The sand 
""as not commercially productive, but the camp established for the 
purpose of working it has grown and is to-day a fine city with 
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broad streets, j^reat mnnnfnrtnrinjnr plants, large stores, numerous 
business blocks, roniraodious hotels and residences, and beautiful 
boulevards and parks. 

The exploration that led to the founding of the city of Denver, 
like those tluit led to the founding of many other cities, is shniuded 
more or less in mystery. Gold was certainly the lure that brtjught 
the explorers here, hut when and where ^old was first discovered in 
what is now Colorado are not certainly known. Tliere are many 
legends that the prcrious metal was found in the foothills and the 
mountains of (^olorado prior to 1850. hut most nf tliese le<?pnds are 
vapfue and unreliable. Wlmt appears to be the hrst authentic ac- 
count of an exploration in this vicinity is a story tliat a party of 
Cherokee. Indians, in tlu^ s{)rinfr of 1849, wont to the Pacific coast by 
way of the old trail up the Arkansas Valley across the SciniiTei 
Creek divide (just east of Palmer Lake), and down Clierry Cre(4- 
to the South Platte at the site of the present city of Denver. The 
story goes that the Indians found some gold in the Kocky Mountains 
but not enough to deter them from continuing their trip to Cali- 
fornia. When they reached the coast they did not find gold as 
abundantly as they had expected, so they returned to Georgia fully 
convinced that there were opportunities in the Bocky Mountains just 
as promising as they had aem in Califoinia. 

In 1868 the Cherokees again organized a gold-seoking expedition, 
which was joined by many white men. This party, which was Imnwn 
as the (Jreen Kussell party, went to Cherry Creek, where the Indians 
had found some gold on their previous yisit. , They prospected along 
Cherry Creek and South Platte River, and many people flocked to 
their camp. Little gold was found, but the camp persisted, and sev- 
eral settlements sprang up on or near the site later occupied by the 
city of Denver. The first town established in this vicinity was on 
South Platte Biver 6 miles above the mouth of Cherry Creek. It 
was called Montana and consisted of about twenty log cabins, but 
it did not survive a year. The first town on the actual site of Denyer 
was called St. Charles. It was organized September 24, 1858, and, 
like most towns of this period, it existed at first only on paper; it 
was not until October that the first structure was erected. This struc- 
ture consisted of a few logs piled up and surmounted with a wagon 
cover, and this was probably the first building on the site of Denver. 
About the middle of October Georgians established a town on the 
west side of Cherry Cre^ which they called Auraria, after a small 
mining town in Georgia. 

The town of St. Charles made no progress until the 17th of No- 
vember, when Gen. William Larimer and Bichard E. Whitsett a^ 
rived there and reehristened it Denver City, in honor of Gen. J. W. 
Denver, the governor of the. Territory of Kansas, which then in* 
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eluded that part of the present Stato of Colorado which lies east of 
the crest of the Rocky Mountains. The lirst house in Denver is said 
to have been ererted by Gren. Larimer on the banks of Cherry Creek, 
between whnt are now Blnke and Wazee streets. The towns of Mon- 
tana and Auraria soon disappeared or were swallowed up by tiie more 
rapidly prowiTifr " City of Denver," as it was known m the early days. 

Denver, though not a mining city, has long been the financial and 
distributing center of an immense mining region, including the Rocky 
Mountains from northom Wvominir to soiithorn New Mexico. Tt has 
become also a ^rreat railroad center, partly because it is a center of 
distribution and partly because most tourists maicin^ a trip to the 
Far West desire to pass through or stop in this flourishing city. 
The city has the wonderful health-giving climate of the mountain 
region, and many who have found the humid, heavy atmosphere of 
the Kast depressing have each year sought and been benefited by the 
dry, exhilarating, and rarefied air of Colorado. 

Denver is now the metropolis of the Rocky Mountain region. It is 
noted for its broad, clean streets, its handsome residences, and the 
beauty and number of its public parks. Grass and trees are not nat- 
ural to Denver, so the people there take the greatest interest in them 
and are willing to spend time and money freely for ^ beautiful lawn 
and a growth of trees. Farther east, where such things are abundant, 
they are not prized so highly and are generally neglected, sq that 
they do not grow ht the perfection that they attain in the semiarid 
region, where irrigation is possible. 

One of the best known of Denver's parks is the Capitol Grounds 
and Civic Center, siiown in part in Plate II. The Civic Center 
has recently been acquired by the city and made into a beautiful 
park. The largest of Denver's playgrounds is City Park, which 
contains 320 acres and has been beautified by trees, flowers, lakes, and 
fountains until it is the equal of almost any other artificial park in 
the country. In it is a zoological garden and a museum of natural 
history. Washington Park also is becoming one of the beauty spots 
of the city. Cheesman Park is noted for the magnificent view of the 
mountains which may be had from its pavilion. Here on a dear day 
the traveler may obtain a sweeping view of the great Front Range 
from Longs Peak, 60 miles away on the north, to Pikes Peak, 80 
miles to the southwest. To assist the traveler to recognize the more 
prominent peaks a brass plate, upon which are engraved the names 
of the peaks and the lines of sight pointing toward them, has there 
been set on a pedestal. This diagram, together with a fairly good 
map of the State, enables one to place accurately all the more strik- 
ing mountain features in the vicinity. 

S0a07-^22 2 
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Another excellent vantage point from which to view the mountains 
is the dome of the Capitol (PI. II). This fine buildinpr, which is 
constructed of native granite and marble, stands on a commanding 
terrace facing the west. The dome is 276 feet high, and from its 
balcony on a dear day a vast extent of the mountain front may be 
6e6iia 

Fronting the Capitol is the Public Library and the United States 
Mint, both constructed of Colorado granite and both massive build- 
ings, which serve as a fitting setting for the State Capitol. The 
library is interesting as a piece of Grecian architecture and the mint 
as the place of manufacture and the storage of vast sums of Gov- 
ernment coin. The new Federal post office, a beautiful building, 
which occupies an entire city block, is built of Colorado marble. 
This stone is just becoming well known and is being used in many 
parts of the country, notably in the new Lincoln Memorial in 
Washington, D. C. It is taken from quarries about 40 miles south 
of Glenwood Springs. Another public building that attracts at- 
tention is the great auditorium, built to accommodate the Democratic 
national convention of 1908. It seats 12,000 persons and contains 
one of the finest theaters in the United States, seating 3,500 persons. 

Denver is an active industrial city, and its manufacturing plants 
make many and various articles ranging from railroad cars to 
radium salts. Perhaps the most interesting plant to the average 
traveler is the smelter for the reduction of the ores of the precious 
metals. A description of a smelter is given on pages 2di^254. There 
are also brick and clay works, railroad shops, and other works. 

Denver is noted for the excellence of its public schools and for ! 
the beauty and serviceableness of its school building& It is a center 
of higher education also, for the State University is at Boulder, i 
less than 20 miles northwest of the city; the State School of Mines 
is at Golden, 16 miles west of it; and Denver University is in the 
city. 

The residential part of the city is very attractive. The houses are 
substantial and are surrounded by velvety lawns diversified and 
beautified by flowers and shrubs. No frame buildings can be erected 

within the city limits. 

Although the extremes of temperature at Denver are rather proat, 
the summer temperatures reaching 95° F. or more and winter tem- 
peratures touching the zero point, the climate is not hard to bear, 
for the air is so dry that the extremes of either summer or winter are , 
not felt as they are in a more humid climate. According to seven ' 
years' records of the Weather Bureau the mean annual precipitation 
is I'VT inches and the mean annual temperature is 50°. The dryness 
of the air may be better appreciated by comparing it with that of 
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A. whkat fikld in clkar ckkek vallky. 

Water has trntururmi^l Clear Crock valley from n harroii waste to r'lvh aKrHMilliinil land. 
Photograph by !>. C. VfcCliirc, Denver; furnish h1 by the Colorado & Soulhern Railway. 




B. MOUNTAIN FHONT ON TIIK "MOKFAT ROAD." 

Tlio Denver Salt l^ke Railroad, in climbing the stiHjp nKMintaiti Tront, tunnels through great 
slaliH of ilark-re<l sandstone upturned against the niinintaitLs. Itelwif'n InnneU the tnivcler 
may ohiaiti views <>r the plains stretching away to the tuist, farthtT thati the eye can see, and 
of the low ridg<9< that skirt the mountain at his fnttt. Photograph copyrighted by h- C. 
AlcClure, Denver; furninticd by th<; Denver & Salt I.ake Railroad. 
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tlie Atlantic coast, where the mean annual precipitation is 45 to 50 

inciies. 

The description of the scenery alonp^ the line of the Denver & Rio 
Grande Western Kailroad begins on page 22. 

ONE-DAT TBIPS FBOM BENTBR. 

As most of the westbound travelers who pass throTiprh Denver stop 
over a few hours or a few days^ it is desirable to call their attention 
to many side trips that may be made in one day by trolley, railroad 

train, or automobile. 

Most people are attracted by the mountains, and the excursions 
that are generally of the greatest interest are those made into their 
narrow canyons or over their snowy summits. Not only are the 

mountain trips enjoyable on account of the scenery, but they enable 
the traveler to have the pleasure of tramping over snow banks under 
the hot ravs of a midsummer sun, to see somcthinj]: of the mines 
of gold and silver and othw int tals that have made this ro^ion 
iamous, and to behold the' inagnitlccnt exposures of rork along the 
canyon walls and in the highest [)eaks and thus to learn some of 
nature^s hidden mysteries regarding the earth upon which he lives. 

CONTIKENTAIi DIVIDE AT COBONA IN ROLLINS PASS. 

Corona is reached by the Denver & Salt Lake Kailroad, or Moffat 
road," as it 18 generally called. It is the objective point of most 
travelers who wish to enjoy the pleasure of snowballing on a hot 
summer day and of experiencing the sensation of standing on the 
backbone of the continent On leaving Denver for this trip the 
traveler sees first the fine irrigated farms of Clear Creek valley 
(see PI. m, A) and then the upturned beds of sandstone and shale 
which cany the coal of the Denver Basin. These rocks, which are 
called by geologists the Laramie formation, are of Cretaceous age, 
and their position in the geologic column is shown on page ii. No 
coal beds can be seen from this railroad, but a few miles to the north 
there are extensive mines.^ 



'Coal has been iniued in Colorado 
continuously since 1864, 12 years be- 
fore the Territofy toecame a Btata 
One of tbe first Adds to be developed 
was that of Boulder Ck)tmty, which 
lies In the northern !mrt of what greolo- 
gists call th(^ Denver liusui. This 
basin, ihuugli not a surface basin, is 
m called beeanBe ttie beds of rock In 
It dip toward and tinder the city- from 
all (lircctfons, so that any one bed of 
rock, if U could be followed below tbe 



Jsurlace, would he found to Imve the 
form of an irregular basin. The west- 
ern ifm of the basin la ftmned of the 
rock beds that are upturned alon^ the 

mountain front in the vicinity of Mor- 
rison, Golden, and Konlder, but the 
eastern rim is not conspicuous, as the 
beds dip very gently westward toward 
the center of tbe baein. 

Tbe coal Is contained In sandstone 
and shale of Cretaceous ojre (Laramie 
forntatioa) and probably underlies 
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At the loop which the railroad makes before it climbs the eastern 
front of the mountains there is exposed a dark shale (Benton shale 
or lower part of the Colorado group), which lies near the base of the 
Upper Cretaceous series. At Plain view the road cuts through a 
hogback 2 formed of the upturned edge of the underlying Dakota 
sandstone and shows some of the variegated sandstone and shale of 
the Morrison formation, which lies directly below the Dakota sancl- 




FiouRB 2. — Dakota hogback and raountain front north of Plainyicw, as seen from the 
" MofTat road." The dasl) line indicates the boundary between the Morrison formation 
and the Carboniferous sandHtone. 

stone, or toward the mountains. The succession of rocks in the hog- 
back and the mountain front is shown in figure 2. Beyond the 
valley formed in the soft rocks of the Morrison formation the red 
sandstone (Fountain formation) lies upturned against the mountain 
front in great triangular slabs like the teeth of a gigantic saw. 
(See PI. Ill, B.) The railroad in climbing the mountain front 
pierces the projecting points of this hard layer by many short tun- 



Denver itself, but here it is so far 
below the surface that it has been 
reached in only the deepest drillings. 
The coal is mined from slopes which 
go down on the outcrop of the coal 
bed or from shafts which are sunk 
nearer the center of the basin and 
which reach the coal at different 
depths. 

The coal is what is now generally 
called subbituminous, a rank which is 
below that of the bituminous coals of 
the East It is frequently called 
" black lignite," because of Its color 
and because it has some of the proper- 
ties of a lignite, or woody coal. The 
subbituminous coal does not soil the 
hands and is a desirable domestic fuel, 
but upon exposure to the weather it 



breaks up or " slacks " — the lumps fall 
to pieces and the coal becomes a heap 
of fine fragments. It contains a much 
higher percentage of water than the 
eastern coals, and this gives it a much 
lower fuel value. Notwithstanding 
these defects, subbituminous coal is 
extensively mined and finds a ready 
market throughout the Denver region. 

* A name applied in the Rocky Moun- 
tain region to a sharivcrested ridge 
forme<l by a hard bed of rock that dips 
rather steeply downward. One of the 
best examples of this kind of surface 
feature can be seen at Canon City, 
where the Skyline Drive follows the 
sharp crest of a hogback of Dakota 
sandstone for miles, as shown in PI. 
XXXV (p. 73). 
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nels, and the travclpr has ample opportunity to study its character- 
istics as the train turns and twists around the ravines or dives liead- 
long through the rocky tunnels. (See PL IV, A). This nnl sand- 
stone is tilted up against t}w (rnoiss (pri)nounced mce) or granite- 
like rock that forms the bulk of the Front Range. 

When these beds of sandstone were formed they consisted of hori- 
zontal layers of sand, which were laid down along the shore of a 
body of water, just as sand accumulates to-day along the shore of 
the ocean or of a large lake. The rocks upon which the sand rested 
were granite and grieiss, from which some of it was derived, and the 
sand lapped onto the shore irregularly, some beds extending much 
farther inland than others, the distance inland reached by them at 
one place or another depending on the form of the surface and the 
height of the water. Finally, after the entire region had been cov- 
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ered by layers that eventually became sandstone, shale, and limestone, 
the region on the west was lifted up hundreds or perhaps thousands 
of feet, and the red sand, whidi had hardened into sandstone, was 
bent upward in a great arch that may hare extended entirely over 
the present Front Range. The streams probably cut away the upper 
part of this arch almost as fast as the land was raised, so that tbe 
mountains may never have been much higher than they are to-day. 
The work of the streams has been continued ^mtil all of the upper 
part of the sandstone arch has been removed, as shown in figure 3, 
and only the sharp upturn on the flanks, which can be seen so well 
from the " Moffat road," has been preserved. 

The train climbs steadily, affording here and there beautifid views 
far out over the plains to the east, and finally, when nearly above 
Eldorado Springs, it turns suddenly to the left and enters a tunnel 
that leads through the heart of the mountains. Beyond this tunnel 
the roadbed is in granite,' and the banding of this rock gives little 

•Wlierever the crystalline rooks of 
the niomitnins are roferrod to 5n this 
piiide they are called giuiiito, though 
they really consist of granite, gneiss, 
end schist. In some places the rock 
may be entirely gmnite, and tn others 
it may be gneiss or schist; but at 
many places these thrcp kinds of rock 
are iotlniateiy mixetl, showing that 



they may be different forms of the 

same rock, 

G. P. Merrill describes gneiss (A 
treatise on rocks, rock weathering, 
and solla, piK 142-145, New Torlc, IdOd) 
as follows: 

"The composition of the gneisBes 
ii? ossentially the same as that of 
the granites, from which they differ 
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iiidication of the real structure of the mountain ranjpje. The streams 
have cut deep canyons, and many interesting 'v iews may be seen on 
the right of the train as it ])nsses from i>ranch to branch of South 
Bouiilcr Creek, here crossiiit^ ;i canyon on a hig^h trestle and there 
|)]Tirii:iiig inU) the darkness of a tunnel throntrli a spur. Where 
South Boulder Creek is first s» eii it lies far below the level of the 
road, but its bed slopes steeply headward and is finally cropsed by 
the railroad well above the sharp canyon, which represents the latest 
period of stream cutting in this region. If the trip is made in July 
the traveler may have the pleasure of seeing in the foothills acres 
of the beautiful Rocky Mountain columbine (PI. TV, B), which has 
been adoj ti'd as the floral emblem of Colorado. The plant grows 
about 3 feet hi^h, and each stalk bears a number of delicate lavender- 
tinted l il ossoms which become white as the season advances. 

Tile iirst large villa ^•e above the point where the railroad crosses 
South Boulder Creek is Kollinsville. Here the traveler -ens no sug- 
gestions of mining, but if he could follow for a dc^tanee ol 4 miles the 
road that climbs the hill on the north (right ) lie would find himself 
in a district tliat furnishes the metal for tlie lilaments of most of 
the incandescent electric bulbs made in this country. This metal 
is timGrsten, and a small percentage oi it is contained in the steel 
from which most of the modem machine tools are made. 



only in otroetuie muH oiSgln. • « • 

Structurally the gnels^^os are hfAo- 
crystalline leiitiroly crystalline] granu- 
lar rocks, as are the granites, but dif- 
fer in tliat the various constitueDts 
ftve arranged In approximately parallel 
bands or iayoTs. * * *• 

**In width and textui^ tbeae bands 
vary indefinitely. It is common to 
find band"? of coars^ely crystalline 
quartz several inches in width, alter- 
nating with otben of Addspar, or feM- 
spar, Qnarti, and mica, or bombtende. 
A lenticular structure is common, pro^ 
duced by lens-shaped aggregates of 
quartz or feldspar, about and around 
which are bent the hornblende or 
mica laminae [laytibj. The rocks 
yary from finely and evenly flBBlle 
tbnni^ all grades of ooarseness and 
become at times so massive as to be 
indistinguishable in the hand speci- 
mens from granites. * * • 

" The origin of gneisses ♦ • • Is 
In many cases somewhat obscure, the 
banded or foliated structure being con- 
sidered by some as representing the 



original bedding of the sedtmoitSf the 
dilBerent bands representing layers of 

varying composition. This Btruetnre 
is now. however, considered to be due 
to mechanical causes and in no way 
dependent upon original stratification. 
The name, as emnmonly used, is made 
to include rocks of widely different 
stnictiire, which are beyond doubt in 
part setlimeutnrr fimi in part eruptive 
but in all cases altered from their 
original conditions. 

"This alteration * * * baa been 
brought about not by heat and crystal- 
lization alone, bill in many cases by 
processes of squeezing, crumpling, and 
folding so complex as almost to war- 
rant the aH^ication of the term knead- 
ing. • 

" In the presoit State of our knowl- 
edge it is in most cases impossible to 
separate what may be true metamor- 
phosed sedimentary gneisises from those 
in which the foliated or banded struc- 
tore Is In no way connected with bed- 
ding and which may or may not be 
altered erujptlTes.*' 
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A few miles below Tolland the valley changes from a rocky V- 
shai)ed ravine to a broad valley having a U-shaped cross section. The 
meaning of such a change is shown in figure 4. The mountain valley 
shown in figure 4, A, has been carved only by the stream which occu- 
pies it. The walls slope gradually from the ridge on either side to 
the stream in its bottom, and the form of a section of such a valley, 
if cut directly across, w^ould be a flat V. If after its excavation by 
the stream this same valley had been occupied by a glacier the ice 
would have ground away the i)rojecting spurs on its sides and left 
it in the fonn shown in figure 4, B. The cross section of a valley is 
a nearly infallible indication whether the valley has been carved by 
running water alone or has l)een modified by ice. Thus the change 
from a V shape to a U shape a few miles below Tolland marks the 
point of farthest extension of the old glacier that had its source near 
the summit of James Peak and filled this valley with ice to a depth 




FiGURB 4. — Diagrams showing eflfpct of strenm and glacial erosion. A, V-shaped vaUey 
cut by rutmioi; water; B, same valley alter it has been occupied by a glacier and 
MdDoed to a btoad, flat U In eioM Metkm. 



of many hundreds of feet if not a thousand feet. I^sually the foot 
of a glacier of this magnitude is marked by a terminal moraine — 
a ridge of loose material carried down by the ice — })ut if such a 
moraine was ever built in this locality it has been washed away by 
the stream swollen with the waters of the melting ice. 

Although the valley at Tolland and for some distance above that 
place is broad and the slopes are smooth, it soon terminates abruptly 
at the foot of the Continental Divide, and no railroad can ascend it 
much farther and succeed in crossing the range. Consequently the 
engineer's were forced to turn aside from what seems to be an easy 
pathway up the valley and construct the road to the summit in a 
roundabout way by scaling the valley walls. The train makes this 
climb with many turns and twists, and the traveler is generally 
deeply impressed with the care and precision with which the en- 
gineers fitted the roadbed to the mountain slopes. To the railroad 
engineer no slopes are too steep for railroad construction, provided 
he can lind ground sufficiently level to enable the road to curve 
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around and double back upon itself, thus zigzajsr^ing its way ii]) the 
mountain hiope. 1 he tiain climbs steadily upwaid, and one by one 
the ridu^es that innn Inflow seemed to be of great lieiglit are sur- 
mounted and they are found to be ouly low spurs of the still higher 
mountains above. 

As the train nears the summit ami encircles the little pond called 
Yankee Doodle Lake, th© traveler may see stmie of the elFects, other 
than the round iim of valleys, that the old glaciers have produced on 
the mountain scenery. In the canyons below, whei'e the ice moved 
down in a great stream from the heights above, ita effect was to 
smooth and round the slopes and to do away with much of the 
ruggedness that nuist have marked these canyons before they were 
occupied by the ice. Near the summit the ice scooped out in the side 
of the mountain great amphitheaters, called cirques, making the 
tops much more rugged than they were befoi^e. The circular depres- 
sion that holds Yankee Doodle Lake is buch a cirque, and all the vast 
rock bl<)i)es above the lake have been steepened by undercutting by 
the ice. Oiher cirques li :is those shown in 1*1. V) may be seen 
in the mountains; indetd. ihe entire front above this place, ifj^ which 
the railroad finds its way to tlic hummit, consists of the walls of 
cirques that have united. The steepness of this slope is due almost 
entirely to the action of ice. In places the road is constructed along 
the upper edge of one of these great cirque walls, and the tni\ (der 
may look down on the right nearly 1JH»0 feet into the cirque below. 
Although the cliff has an np]>rpciabie s1n]>e, it appears to be vertical 
especially when viewed from tlie moving train. 

At last tiie traveler reaches the summit, at Corona. 11,680 feet 
above the level of the sea. but the great snowsheds through which the 
train passes have prevented him from getting a fair view of the 
mountain summit. As soon as the train stops at Corona he may pass 
from tlie conhnement of the snowshed and enjoy to the utmost the 
boundless space of the mountain top. On the crest in any dire* tion 
there are peaks higher than Corona, the most prominent being James 
Peak (13,260 feet) on the south and Ix)ngs I'eak (14,255 feet) on the 
north, but tliey can be seen from only a few points. On the west 
the traveler can look down on the billowy surface of Middle Park, 
one of the surface basins in the midst of the mountains; and on the 
east he can look over the wide expanse of spur and ravine up which 
the train has so laboriously climbed. 

Thfi railroad beyond Corona descends, the fairly smooth western 
slope of the Front Hange by many loops and turns until it reaches 
the floor oi Middle Park. It crosses this immense basin in the heart 
of the mountains, cuts through the Gore or Park Kange beyond in a 
deep, rugged canyon, and then continues westward across the great 
plateau country of Aor^weMiMni Coloirado. The plateau, contain! 
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one of the great coal fields of the State, which has only recently been 
developed. The coal is belter than that of the Denver Basin, and 
much of it finds a ready market in the (owns on the plains between 
Denver and Omaha. 

OEOBOBTOWir Am JCOUira KcCLBCLAH. 

The journey to Geor«;etown is made on a narrow-gage line of 
the Colorado & Southern Railway and is confined entirely to the 
valley of Clear Creek, which joins South Platte River about 6 miles 
north of the Union Station in Denver. From Denver to Golden 
the general course of the road is up the broad, flat valley, which is 
irrigated by water taken from the creek higher up. This valley is 
highly cultivated, and many fields of grain (see Pi. Ill, A, p. 7) 
may be seen from the train. Near the mountains the bottom of the 
valley is composed largely of gravel and boulders brought down by 
the .creek in times of flood, and crops grown on such soil are scanty 
even where water for irrigation is abundant. 

Just below Golden (named in honor of Tom Golden, one of the 
pioneers of this region) the valley narrows and is flanked on either 
side by flat-topped hills, or mesas,* as they are generally called in the 
Southwest, about 400 feet high. These mesas are remnants of a once 
extensive plain formed at this level by streams that planed off the 
inequalities of the land. Where the beds of rock are horizontal, 
as they are about Denver, the surface of the plain corresponds to 
the bedding of the rocks, but where the rocks are upturned on the 
flank of the mountain, as they are at Golden, they were planed off 
just the same. After the streams had reduced the soft rocks to a 
relatively smooth surface a great flood of lava that was ejected from 
some vent in the mountains rolled out over the plain and sprrad for 
a distance of many miles. When this mass of lava cooled and became 
consolidated it formed a rock called basalt, which is harder than the 
soft sandstone and shale upon which it rests, and for that reason it 
served as a protecting cap when the region was uplifted and streams 
began to cut the rocks away. Most of the basalt is now gone, and 
the parts seen from the train are doubtless mere fragments of a onoe 
extensive and continuous sheet. The rocks upon which the lava was 
spread are the Denver and Arapahoe formations, of Tertiary age, 
and the Laramie formation, of Cretaceous age. 

Behind these mesas, which are outliers or foothills of the moun* 
tains, is a beautiful valley, which has been eroded in the upturned 
edges of the softer and lower formations. These rocks can not be 
seen distinctly from the train, but in near-by localities they are well 
exposed as they bend upward and rest upon the granite that forms 

M^inf toppfKl hills are named mesas becaase of their resemblance to a table 
(^panisli mesa, pronounced may'sa). 
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the mountain mass. In ih\< \ alley is (Jolden, which for a time was 
the Territorifil capital. Here is tiie C olorado S< ]iik)1 of Mines, some 
of the buililin^^s of which may be seen on the left. Here are also 
smelters and mills for reducing the ores mined farther np the creek. 

Immediately on leavin<r (tolden the train phinj^es into tiie narrow, 
tortuous canyon which ( It :ir Creek has cut into the uplifted granite 
mass. When honrdiiiL^ the train at Denver the traveler may have 
wondered wliy tins roiid was ever built narrow irage (3 feet), or, 
even if so built, why it was not changed yeai*s ago to the standard 
gage, but when he sees this canyon he no longer questions the wisdom 
of the builders of the road in adopting the narrow gage nor that of 
the management in retaining it. He soon realizes that only a single 
narrow-gage line could have turned and twisted its way through 
the canyon and that the change to standard gage would mean the 
building of extensive tunnels and many bridges. The little narrow- 
gage line, Qti the contrary, as shown in Plates VI and VII, winds 
around every bend of the creek and every projecting spur of the 
mountain and required almost no cutting of the solid rock. 

Although the canyon nearly everywhere has precipitous walls, it 
varies greatly in width. At some places, as shown in Plate VII, it is 
merely a cleft sufficient to accommodate the stream that carved it ; at 
others it is so broad that the stream has built flood plains upon which 
the railroad has little difficulty in finding its way. The cutting power 
of the stream has been nearly uniform throughout, but the resultant 
form of the canyon depends largely upon the resisting power of the 
rock through which it has been cut^ Thus, where the granite is ex- 
ceedingly massiye^-that is, without joints or fissures of any kind to 
weaken its resistance — the stream has not greatly widened its gorge, 
but where the rocks are seamed with innumerable joints, or where 
they have been so much squeezed as to form schists, the stream has 
cut out a wide canyon. 

The rock in which the canyon is cut is generally called granite, 
but some of it is banded and is properly called gneiss. (See foot- 
note on pp. 9-10.) The bands of the gneiss show great contortions, 
which are the result of movemmts in the rocky crust of the eartii. 
The gneiss is also seamed with dikes (rocky material that was once 
melted in the earth's interior and forced into fissures of the' rock) 
and veins (mineral matter deposited from waters circulating through 
fissures in the rock) of great variety of color and texture. In places 
the rocks are nearly black with the mineral called hornblende; in 
other places they are composed largely of white or pink feldspar or 
are gray granites. 

At Forks Creek the canyon divides, and the railroad branch to the 
right runs to Central City and Bladchawk, two of the most im- 
portant and oldest gold-mining centers of Colorado. Central City 
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"MOTHER r.RUNDY." 

Mother Ciriindy" from her inwition over1<MikieiK Clenr Creek keeps a Hhnrp lookout on all 
travelers. The nmssive irriitiile imd the Inrtiioiis Htream are well shown in this picture. 
Pbotogruph by !..('.. MrCliire, Denver; riiniishiHl liy I he Colonido \ Southern Ruilwuy. 
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NARROWS OF CLIiAR CRIiEK CANYON. 

In places the Korfteisao narrow aiui the bends are so abrupt Uiut bcjth the stream and the rnilroatl 
seern to duappoar in some rocky cavern, but on rcnindinK the l)end lliey miiy be hwii jHir- 
Buing their tortuous course hemmed in by vertical or ovcrhuiiirinK cliffs 8«!vernl hundr«Hi feet 
high. Photograph by L. C. McClure, Deaver; furniihed by the Colorado & Southern Railway. 
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was built near the s]u)t Avhere, in 1859, John H. Gregory made the 
second i^^ f :it discovery of gold in this re<<ion.* 

A few miles above Forks Creek the canyon becomes less rugged. 
The first level bottom land the traveler has seen since leaving Golden 
is occupied by the town of Idaho Springs (altitude 7,556 feet), which 
is noted both as a pleasure resort and as a mining center. The waters 
are mild solutions of carlxmate and sulphate of soda and have tem< 



*Thi8 dlieoveiy to dttcribed as £ol- 
IcfWB by B. 8. Bastln: 

Id romantic Interest and as a record 

of human achievement in the face of 
great difficulties the story of tho dis- 
covery and early developiueut of the 
mineral wealth of this region can 
bardly be snmassed by any oHier 
chapter in the history of the *'win- 
ning of the West." A decade after 
the historic "rush" of the forty- 
niners to California a second ^at 
westward muvement of gold seekers 
from the JDutem States was started 
by the dlsoo^eiy of gold In alluring 
quantities near the present sites of 
Idaho Springs and Central City. 
It was flrst foutRl in gravel on the out- 
skirts of the town of Idatio Springs 
by George A. Jackson, early in 1858. 
A few months later the rich outcrop- 
pings of a gold vein were dJseoTond 
on the present site of Central City by 
John H. (yrecory. These two discov- 
eries precipitated n stfinijKHie oi inos- 
pectors, and within a iew weeiui many 
of the nchor ft^ns ot the region liad 
been discovered and many new de- 
posits of gold-bearing gravel located. 
This discoven,' iM'iran an era of min- 
ing development that led to the foun- 
dation au(i early growth of Denver 
and of the State of Colorado. Up to 
the end of the year 1918 there had 
been added to the world's supply of the 
precious metal from the counties of 
Gilpin and Clear Preek alone approxi- 
mately $175,000,000. Although the 
period of maximum production was be- 
tween the years 1870 and 1900, the 
two connttes still produce annually 
metals to the value Of more than 
11,000,000. 

The gold-bearing gravel was snudl 
in quantity and was worked out 



mainly in the early years of mining. 
Since then the gold has been talcen 
mainly from veins. Most of the veins 

ai*e steeply inclined and traverse schist, 
gneiss, and granite, with which are 
a.siiuciated dikes and irregular ma-ssea 
of younger intrusive rocks — the "por- 
phyries '* of the miners. The deepest 
woridngi are those of the CSallfemia 
ndne at Central City, whose shaft 
descends 2,250 feet down a steeply 
inclined vein. A few of the veins are 
traceable on the surface continuously 
fer more than a mile, and most of 
them are between 1 and S feet wide. 
The principal metals won from the 
ores are gold and silver, but copper, 
lead, and recently xinc have also been 
obtained. From a few of the veins 
near Oeotrai City i^tchbleude or 
uraninlte, one of the minerals from 
which radium is obtained, has been 
mined, and this is the only locality 
Ii» tlie T United States and one of tlie 
few in ihe world at which the ndueral 
is found in commeix'iai quantities. 

The ores are believed by geologists 
to have been deposited hy hot solu- 
tions given off from buried masses of 
slowly oooling " iX)ri)hyry." The hot 
waters at Idalio Springs have possi- 
bly a similar origin, thougli their min- 
eral coutent is probably much less 
than that of the waters which origi- 
nally brought up the gold and sliver 
frotri lower levels. 

(See Spurr, J. E., and Garrey, G. H., 
pA'onomlc g(!ology of the Georgetown 
quadrangle, Coio. : U. S. Geoi. Survey 
Prof. Paper 63, 1008; Bastln, E. ^ 
and Hill, J. M., Economic geology of 
Gilpin County and adjacent parts of 
Clear Creek and Boulder counties, 
Colo. : U. S. Geoi. ^Survey Prof. Paper 
94, 1817.) 
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peratures ranging from 76 to 120° F. Hotels and bathhouses make 
the place very attractive to the traveler who can spend a few days 
in the bracing atmosphere of this mountain resort. 

The first really noteworthy discovei-y of gold in Colorado is com- 
memorated by a monument at tlie mouth of Chicago Gulch, a canyon 
entering that of Clear Creek from the left of the railroad nearly 
opposite the station at Idaho Sprin<rs. This discovery was made by 
George A. Jackson in January, ISdd. When winter was over Jack- 
son returned to the mountains and on May 7 began placer mining 
on Jackson Bar. 

One of the most notable achievements of mining engineering in 
this region is the Argo (formerly Newhouse) tunnel, whose large 
waste dumps may be seen in the eastern part of Idaho Springs. This 
tunnel extends northward for 5 miles to a point beneath the tcnvn 
of Central City, It cuts many of the veins far below the surface, 
draining the upper workings and facilitating deep mining. Much 
ore is brought from the Central City district to Idaho Springs 
through this tunnel, and mining at or below its level has shown that 
rich gold ore persists in many of the veins at very great depths. 

In the vicinity of Idaho Springs the canyon, although wider than 
it is in the neighborhood of Forks Cteek, is still narrow and the 
walls are studded with jagged or loose rock as they were left by the 
cutting of the stream and the action of the weather, but from a 
point a few miles above the town to the crest of the range the canyon 
bottoms are broad and the slopes are genmUy smooth and round, 
so that a cross section of the valley resembles in shape the letter U. 
This form of valley (shown in fig. 4, p« 11) is due to the scouring 
action of a glacier that originated near the summit of the range and 
flowed down the canyon to a point where the ice melted faster than 
it was supplied from above and where the forward movement of the 
glacier consequently stopped. Although all this happened ages and 
ages ago, the surface features above and below this point still present 
a striking contrast, for the work of the glacier has not yet been 
obliterated by weathering* The end of the glacier, which was only 
a few miles above Idaho Springs, is also marked by a moraine— a 
great accumulation of rounded and scratched boulders that were 
brought down by the ice and dumped at its lower end. 

Both active and abandoned mines and many prospects may be seen 
on almost every slope of the canyon wall above Idaho Springs. In 
GHlpin and CSear Greek counties, as in most old mining regions, only 
a small proportion of the mines are in operation at any one tima. 
Some of those that are not operated are ^ dead ''—that is, their on 
bodies have been entirely worked out— but many are idle only tem* 
porarily because of inefficient mimagement or insuffident funds with 
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which to make further explorations for new ore bodies. Few veins 
are rich through their entire extent, and one company may ex- 
haust its resources in exploring lean parts and its successor may 
continue the exploration for only a short distance and strike rich ore. 

A number of the mines that arc now idle, especially those near 
Lawson, Empire Station, Georgetown, and Silver Plume, were 
worked mainly for silver and have produced fabulously rich ore. 
Its unusual richness was caused by a process termed "downward 
enrichment," by which the silver in the upper parts of the veins was 
dissolved by surface waters and redeposited farther down in the 
earth. The ores so enriched do not persist to great depths, and on 
their exhaustion the mines working them are forced to shut down, 
for the imenriched ore below is too lean to he mined at a profit. 

At Georgetown the train begins to climb the well*known Loop 
by which tiie railroad loops tMick over itsdl in ascending the steep 
mountain side. Above the Loop lies Silver Hume, shown in Plate 
VIII, which has been one of the most active mining camps in the 
State. It is reported that more than $29,000,000 in silver has been 
taken from the mountain north of the town.^ 

The traveler's interest in the things he sees above Silver Plume** 
centers mainly in the engineering feat of scaling the steep mountain 
fiide and in the fine views he obtains during the ascent. After 



•Arrording lo Bastiii, tbo discovery 
of a Koid-bearing vein near Uie present 
alte of Oenlzal City by J. H. Gregory In 
stimulated prospecting through- 
out the drainage basin of Clear 
Creek, and many such veins worr> d!s- 
covorod. Oho of the most productive 
of these veins was discovered by 
George Griffith in tiie vicinity of EUz- 
abethtown (now Georgetown) on 
August 1, 1859. In 1860 tlipre was 
conslderahle excitement riroimd Ein- 
picp, but most of it was due to the dis- 
covery of rich placer graveL The first 
valuable deposit of silver ore diflcov> 
ered (in September, 1884) was the 
Belmont lode, in Mount McClellnn. 
Thus, ns early as 1864 all tlie terri- 
tory that the traveler will see on ills 
trip to Mount McCleilan was pros- 
pected In a erode way and to a certain 
eKteot developed. Tbe development of 
mines, however, was frr^atly handi- 
ca pp*'rt hy the lack of means of trang- 
portatiou, both for bringing in h'ui> 
pU^ and for sending out the products 
of tbe mines. This lack was 80pplie< l 



to a great extent in 1870 by the build- 
ing of what is IcnowD as the George- 
town bnuMA of tile Oolorado ft Sontli* 
em Railway from Denver to Golden, 
but it was not until 1«77 that this line 
reachefi Georffetowu, and it was sev- 
eral years later before it reached Sil- 
v&r Plume 

dear Gre^ Gonnty, of wblch George* 
town is the county Beat, reached the 
peak of it<? mptnl production in 1804, 
since which time if*-- output 1ms b*>€n 
steadily decIiuinK until in 1914 it was 
worth only $884,615. In tbe next year 
tbe district b^gan to feel tlie eflSect of 
the European wnr. and the value of its 
output of metals Junii)0<l to !?1,124.22i>. 
In 1917 its metal output was valued 
at $1,631,219, in 191S at $1,126,440, in 
1019 at $644,332, and In 1920 at 

** Since the deecriptiim of the trip to 

Mount McClollan M'as \%Tltten the line 
has been ahandono<1, !>nd the traveler 
will have no opportunity to reach the 
summit of the mountain except by pri- 
vate conveyance. 
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zigzagging back and forth up the steep side of the valley the train 
passes around a point and runs up another valley to its head and 
then, after making several switchbacks, finds its v^ny to the summit 
of Mount McCIellan. The view from this point is shown in Plate 
IX. Mount McCIellan is not on the Continental Divide but on a 
high spur that branehea off from it toward the east. The water that 
falls on both sides of this peak finds its way into Clear Creek and 
eventually reaches the Gulf of Mexico, but that which falls on dif- 
ferent sides of Grays and Torrys peaks,^ which are on the Con- 
tinental Divide, runs into streams that flow in diverse directions, 
part of it reaching the Gulf of Mexico and part of it the Pacific 
Ocean. These peaks are all more than 14,000 feet in altitude and 
are prominent features that may be seen toward the west, but they 
do not appear to stand so high above their enrronndings as Pikes 
Peak and some other well-known mountain summits. 

The slope on the east side of Mount McCIellan is smootii and 
gentle, but that on the west side is precipitous, because the snow and 
ice that long ago lay on the west side, under the shadow of the 
towering summits of Grays and Torrys peaks, were more protected 
from the sun and wind than those on the east side, and consequently, 
. during the great ice age, an enormous glacier lay in the angle 
between Mount McCIellan and Grays Peak and cut out a great 
am})l]itheater in the rocks, which, because of its circular form, is 
called by geologists a cirque. If the traveler standing on the ragged 
crest of this old cirque and looking down 2,500 feet into it has a \ ivid 
imagination, he may still see the ^rcat glacier that once filled it and 
flowed down the valley nearly to Idaho Springs. 
/ The route followed by the traveler throughout this trip is practi- 
cally parallel with a high-tension electric transmission line of the 
Colorado Power Co. The power is developed at a large hydroelectric 
plant on Colorado Biver above Glenwood Springs and is carried to 
most of the mining camps in the mountains, crossing the Continental 
Divide three times and finally descending on the east to Georgetown!, 
Idaho Springs, and Denver.. The line may be distinguished by the 
high steel towers and the strip of cleared land along its right of way. 

SOUTH PLATTE CANYON. 

The canyon of South Platte Biver southwest of Denver offers many 
attractions to visitors from other parts of the world. These are no 
regular one-day excursions to this part of the mountains, but the 
train service on the narrow-gage Colorado & Southern Bailway is 
so arranged that the traveler may easily visit such parts of the 
canyon as he deems most intmsting and return to Denver the same 
day. If he is content with seeing the lower part of the canyon only 

*Tlie altitude of Grays Peak is 14,341 feet; Evans Peak, 14;>60 feet; Toriys 
Peak, 14,336 fliet; and Mount Mcaellan, 14,007 feet. 
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he should go to the village of South Platte, 29 miles from Denver, 
but should he wish to see all its more rugged parts he should go as 
far as Estabrook, 52 miles distant. Many persons go to resorts far- 
ther up the canyon, even as far as Grant (66 miles), but this upper 
part of the canyon is not so rugged — it lacks the features that give 
to the lower part its peculiar charm. Those who go to the upper 
part do so on account of the fishing, which is reported to be un- 
usually good. 

On leaving the Union Station in Denver, the railway crosses South 
Platte River and runs up on the west side of the stream to the moun- 
tain front. At Sheridan Junction a branch line turns to the west 
(right) to Morrison, which is in the same valley as that in which 
Golden is situated. A mile up this line and on the main terrace that 
borders the river valley is Fort I^gan, the largest military post in 




FiouBB 5. — Dakota hogback south of South Platte Elver, looking south. Note the east- 
ivard dip of the sandBtODo forming the hogback and also that of the red sandstone 
nearer the mountains. Settling reservoir of Denver waterw'orks in the middle 
distance. 

Colorado. The train passes some fine country places and goes through 
large areas of irrigated lands in a high state of cultivation. 

At a siding called Willard, 17 miles from Denver, the traveler 
may see on his right a sharp-crested ridge, which is formed by the 
upturned edge of the Dakota sandstone, the same rock that forms 
the sharp hogback at Plainview, on the " Moffat road." At first this 
ridge seems to stretch along the entire mountain front, and from the 
river bottom it appears almost as large as the mountains themselves, 
but on nearer approach it dwindles into comparative insignificance. 
The railway runs nearly parallel with this ridge for some distance, 
and then in following the river valley it turns more toward the west 
and cuts through it directly toward the mountains. The Dakota hog- 
back on the south side of the river, as well as the outcrop of' lower 
red sandstones, is shown in figure 5. 



20 



GUIDEBOOK OF THE WBSTEBN UNITED STATES. 



The reservoirs of the Denver waterw<»ks, in which all flediment is 
allowed to settle before the water is turned into the city mains, are 
at Willard. The reservoirs are tastefully arranged and beautified 
with flowers, so that they make a very pleasing appearance. After 
passing the settling reservoirs beds of red sand^one similar to those 
which make so striking an appearance in the Garden of the Gods, 
near Manitou, may be seen across the river, dipping away from the 
momitains at an angle of about 70^. Most of the beds of rock on the 
mountain front have similar dips, showing that at the time the 
mountains were uplifted the beds of sedimentary rock were bent up 
in a great fold, the upper part of which has been worn away, leav- 
ing only the suggestion of the upfold in the steeply Inclined beds. 
Before the train reaches the mountains the great steel pipe that 
carries the Denver city water may be seen at several places on the 
right, where it spans the ravines on steel bridges. 

Just above Waterton the train enters the mountains by a canyon 
cut in the hard granite. Here the city water main passes over the 
railway and then plunges into a tunnel through a projecting spur. 
A large flume carrying water for irrigation may also be seen on the 
opposite side of the river, and it passes through the same spur that 
is pierced by the water main. 

The canyon which the train is now following is narrow and tor- 
tuous, and its walls are generally rough and precipitous. It extends 
to the town of South Platte, at the junction of the two forks of the 
river. The course of the city water main on the opposite side of the 
stream may be followed by the white telephone poles up to the head 
gate. The canyon above this place differs in width in different lo- 
calities. In some places it has a flood plain, but in others (as shown 
in PI. X) it is so narrow that there is room only for the narrow- 
gage (3-foot) railroad beside the river, and this road has to curve as 
sharply as the stream. 

The one feature that differentiates this canyon from others in the 
mountain region is the great number of trees that dot the rocky 
slopes on both its sides, but more particularly on the southern. The 
soft verdure of the evergreen trees relieves the ruggedness and the 
barrenness of the rocky walls, giving the canyon a picturesqueness 
seldom seen in other canyons of this region. Pine and spruce are 
the most common trees, but here and there stand groups of aspen, 
with their ever-moving leaves, which in summer give a softness to 
the slopes and in autumn add a blaze of glory to the somber canyon 
walls. 

South Platte is at the junction of the South and North forks of 
the river. South Fork, which is much the larger stream, drains 
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I'LAITK CANYON. 



Nurruw |Mirt of I'lullir C^aiiynti, wIkto t!virii u iinrrow-KtiK*- riulroiid ciiii li.'inlly fircl n fciotliold. 
HiotuKrupli by L. C. McClure, Ucuver; furuialied by ihu Culuradu & SuulUcrii Railway. 
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A. CASTLE ROCK. 

A well-known landmark about 300 feet high, 33 miles soiith of Denver. It was first noted and 
nnmed by the I^ng expedition in 1820. The cap rock, 60 or 70 feet thick, is made up of 
boulders of various sizes cemented topettier (conKlomnrate) and stands nut prominently 
because it is harder than the underlymg rock. I'hotograph by L. C. McClure, Denver. 




B. DOME ROCK. PLATTE CANYON. 

This picture illustrates the manner in which even the most massive granite may yield to the 
action of the weather. It [>eels off in successive curved layers much like the layers of an 
onion, leaving round or dome-shnpt'd ma.s.S4>s of rock which stand out in striking contrast to 
the towers and pinnacles that geiieruUy occur on the walls of the canyon. Photograph by 
L. C. McClure, Denver; furnished by the Colorado & Southern Railway. 
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iftearly all of South Paric and furnishes most of the water for the 
city's use. In the early autumn, when the snow has disappeared 
from the mountain tops, these streams are scarcely able to supply 
the city's needs. To remedy this deficiency a dam has been built some 
distance up South Fork valley to impound the water and hold it 
until needed. This dun has produced a fine body of water known 
as Cheesman Lake. 

From South Platte the traveler may easily return to Denver, or 
if he chooses to go farther he can continue his journey up the canyon, 
which in some places takes on the aspect of a common mountain 
valley and in others is bounded by rocky wsills several hundred feet 
high und so steep that they appear to be vertical. The massive 
granite, on weathering, tends to peel oli like the layers of an onion, 
leaving a curved surface, in places like that of a great dome. (See 
PI. XI, B.) Such a feature is well shown on a large scale at the 
station of Dome Rock. Where the granite is traversed by many 
fissures or joints it is so easily Inoken down that few ledges can be 
seen, and the suriace is covered with a mantle of finely brokiii rock. 

The roughest part of the canyon above South Platte lies between 
ClilT and Estabrook, where the gneiss is again exposed and maives a 
narrow, rugged defile. This canyon, like the one below it, has 
several jispocts, which depend upon the character of the rock and 
upon the oosition of the joints. 

OTUBB TRIPS OF INTEBiBST. 

The 70-mile circle trip through the Denver Mountam Park covers 
the most remarkable municipally owned park in the world. Within 
an hour^ ride from Denver are the foothills of the park, backed by 
the towering peaks of the Continental Divide, with wild flowers, 
whispering pines, and singing torrents. The park includes a game 
sanctuary for buffalo, deer, and other Rocky Mountain animals, a 
free automobile camp, shelter houses, camping facilities, and hotels. 
The body of Col. W. F. Cody (Buffalo Bill), the noted scout and 
plainsman, rests on Lookout Mountain. 

Many other beautiful and interesting drives may be made from 
Denver, and many railroad trips may be made that will well repay 
the traveler for the time spent, but some of these would consume more 
than one day and will therefore not be mentioned. One exception 
worth noting, however, is a trip to the Rocky Mountain National 
Park, which lies just back of Estes Park and includes Longs Peak. 
This park should be visited by all who delight in rugged mountain 
scenery. 

80097*— 22 3 
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MAIN ONE OF RAHJIOAD PROM BENTBR TO 

COIiORADO SPRINGS. 

Soon after leaving the Unioii Station at Denver, on the main tine 
of the Denver & Bio Grande Western Railroad, the train croeses 
Cherry Creek near the place where Gen. Larimer built the first 

house, in 1858. As this creek heads out on the 
plains it is intermittent in its flow ; in dry seasons 
Elevation o.is'i feet or DO water runs in it at the surface, but when 

" cloudbursts occur on its upper course a tremen- 
dous volume of water comes down, engulfing everything in its way. 
Such a catastrophe occurred in May. 1864, when ^reat damage was 
done. Recently the channel of the creek, where it passes through 
the city, has been cemented, so as to prevent tlie loose sandy soil 
from washing away, and a boulevarcl bordered by trees lii- Ijeeo 
constructed along it, giving its banlcs here the appearance of a park. 

The Denver Kio (irande Western Kailroad traverses the mami- 
factuiiii^c jjait of Denver, mid at Burnham, 2 miles out from the 
city, it passes the shops of the railroad system. About half a mile 
beyond the shops is the interesting though unpretentious laboratory 
buildiiig erected by llie National Kadiuiu Iiisiilute for experimental 
work in cooperation with the United States Bureau of Mines to 
devise a cheaper method of extracting radiufu salts from tlie ores 
found in Colorado. This work has i)een accomplislied, uiid the plant 
has now passed into tlie hands of u private company to continue the 
work of extracting radium." 

A short distance farther along South Platte Kiver may be seen on 
the west (riglit), and the railroad runs up its valley for a distance of 
about 15 miles. The valley is well irrigated and contains many line 
farms and (country places. Ix)retto Academy stands out clear and 
distinct as oae of the landmarks of the upland on the farther side 
of the river. Fort Logan, just beyond, is a regimental Army post 
established about 25 years ago. 



'Tbe figures given for popiOatlon 
thrmighout thto book are tbose of the 

United States census for 1920; for 
plnrpti tlifit W07-0 not incorporated the 
figures given represent the population 
of the election precinct, township, or 
other similar unit; such figures are 
marked with an aBterlsk <*). 

•The National Radium Institute 
was orpanijsed by Dr. Howard A. 
Kellj% of Baltimore, and Dr. James 
Douglas, of New York, not for pri- 
vate gain but for the purpose pri- 
marily of fltodylag the eaiative prop- 



erties of radium and secondarily to 
show that radium can be produced 

here at a much lower cost than abroad. 
When the institute was organized 
radium was selling for as much as 
$120,000 a grain. As Congress had 
failed to reserve for public use tbe 
land containing radium ores or to fos- 
ter the development of the radiam 
Indusfry in tliis country, tlip National 
Radium Institute undertook to provide 
the ways and means for experimental 
work to determine whether or not the 
ores eoQld l>e reduced at a smaller 
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Littleton. 

Flevfltion 5.372 fwt 
PopulutioD 1,636. 

DenTer 10 adtes. 



Littleton is the county seat of Arapahoe (a-rap'a-hoe) County, 
so named from a tribe of Indians that formerly inhabited this part 

of the coim.try. It stands in the midst of a rich agri- 
cultural district and has become popular as the 
suburban home of many of Denver^Er business men. 
Near Littleton are the W. F. Kendrick pheasantries, 
which ai*e sfiid to l>e the largest game preserve in the 
world. Here all kinds of wild fowl are raised, and golden pheasants 
may be seen wandering by the roadside like chickens on an ordinary 
farm. 

A short distance beyond Littleton the traveler may obtain a charm- 
ing view on the right, across the broad, well-tilled valley of the 
South Platte, studded with chunps of Cottonwood trees^to the Front 
Kange, towering in the distance. Wolhurst, a fine coraitry place 
built by the late United States Senator Edward Wolcott, is farther 
along on the right, just beyond milepost 13. After the death of 
Senator Wolcott the placo was purchased by the noted mining man 
the late Thomas F. Walsh. It is now occupied as a country home by 
one of Denver's richest citizens. 

At the small station of Acequia the railroad crosses the High Line 
Canal, one of those great irrigating ditches that are characteristic 
of the semiarid regions, which takes water from the Soutli Platte and 
carries it far to the northeast, irrigating at least 100,000 acres of 
land that would otherwise be arid and unprofitable. The railroad 
follows the valley of South Platte River to a point a little beyond 
milepost 15, where it leaves the main valley and turns to the south 
(left) up Plum Creek. This creek also flows in a broad, flat valley, 
and the traveler, unless he observes closely, may not realize that the 
railroad has turned from the main valley intx) thut of a tributary. 

Near milepost 15 the entrance to South Platte Canyon may be 
seen in the mountain front, on the right. Here, in 1820, the explor- 
ing expedition of ^Taj. Long first came to the mountains, although 
it had traveled from the north for many miles in front of and nearly 



cost than abroad and tbns to place 
fadinm within the T«ach of hoflpitala 

throughout the country. 

The RiirraTi of Klines ha^l alrenrly 
reachod tlie conclusion that such u 
ductiou iu cost was possible, and an 
agrMient was reached by which the 
bureau was to cooperate with the in- 
stitute for the benefit of the people. 
Tlie InstitntP leased clfifms in Paradox 
Valley, in southwestern Colorado, and 
the Bureau of Mines mined the ore 
and Shipped it to DenTer for treatment 



by the bureau. The work has been 
succeaaftil, and the bniean has pat- 
ented a process by which radhim wast 
produced at a cost of about $40,000 
per gram, or one-third its selling price. 
This patent may be used free of charge 
by anyone who cares to use it for the 
benefit of the Ainerican pe(qple^ 

All this valuable work has hoon 
done in the unpretentious plant at 
Denver. For further information the 
reader is referred to Bureau of Mines 
Bulletin m 
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parftllel with them. The men were eag^r to climb the mountains, 
explore their wonderful peaks and valleys, and see the country that 
lay beyond, but a few days of hard climbing up the rooky slopes 
satisfied them that they could not reach the sununit of the range 
in a short time and that mountain climbing was not so eaqr as it 
appeared from a distance; so they were ( nntent to proceed south- 
ward along nearly the mute tliat is now followed by the Denver & 
Rio Grande Western Railroad. The entrance to the canyon may be 
seen from the train, but, owing to its many bends, the canyon does 
not appear to be an open cut through the mountain fronts 

In many places at the foot of the mountains the steeply dipping 
sandstone forms sharp hogbacks, which may be seen from the mov- 
ing train*, and, as the sandstone is mostly red, the traveler will soon 
learn to associate red sandstone and hogbacks with the foothiUs of 
the mountain front. These beds are very prominent near the mouth 
of Plum Creek and may be seen to good adyantage from milepost 17, 
about H miles up the cre^. 

The scenery of the lower part of the valley of Plum Creek is 
smooth and uninteresting. The surface is a roUing upland, which 
can not be irrigated from the South Platte because it lies too high 
above that river, and it consequently appears rather barren to those 
who are accustomed to a more humid climate. The only railroad 
station in this part of the valley is Louviers, which is merely a sbip- 
ping point for the DuPont Powder Co., whose plant for the mtnu- 
facture of high explosives is on the west (right) of the track. 

Above Louviers Plum Creek swings eastward, and it is bordered 
on its east side by bluffs and mesas of white sandstone.** Althoni^ 



"All the roik seen near the railroad 
track from Denver to a point beyond 
Palmer Lake la composed of fragments 
derived from the decomposition of the 
granite and gneiss of the motmtains. 
This material, which consists mostly 
of quartz and fpldspar, is known to 
geologists a« urkose. Tlie formation 
is called the Dawson arkose, and it is 
of the same geologic age as the fonna- 
tions about Denver that have been 
called the Denver and Arapahoe for- 
mations. R5clinrflsf)n, in the Castle 
Rook folio (No. 198) of the Geologic 
Atlas of the United States, descrilctes 
the rock as follows : 

"The Dawson arkose, derived from 
the Pikes Peak pranite and associated 
rocks. Tvns laid down nnder various 
pontinental ('<)n'iiTTon<-' chipfly us wash 
and Huvlatile [streamj deposits accom- 



panied by local pondinjET. During the 
accuiiiuiutiun of the arkoae this region 
may be conceived of as a piedmost 
[foot of the monntain] area havhig s 
moist and temperate cUmatei an ares 
in which the vegetation was character- 
izo<l hy the presence of nmny fig treea, 
palms, magnolias, p<»i l;irs. willows, 
oaks, maples, etc., and which was occn* 
pied by THcenitopa (huge three- 
horned dlnosanra), crocodiles, tortlc^ 
and other reptiles and by primitive 
mflramala." 

In other words, the material derived 
from the mountains was curried out OQ 
a nearly flat surface and deposited by 
the streams in much the same way ^ 
the streams of to-day are carrying tiw 
waste of the mountain rocks and 
spreading it ovw the low parts of tbe 
plains. 
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Louvierg. 



but a flliort distance ftom the upturned rocks alang the mountain , 

front, these sandstones lie practically horizontal, 
a fact which indicates that they are near the middle 
Elevation n.R75 f««t. of the mat downfold of the rocks east of the 
Denver 21 miles. ^^^^ ^ ^presente the edges of 

the upturned rock beds as they would appear if they had been cut by 
a giant knife at right an^es to the trend of the mountain range. 

The Atchison, Topdca ft Santa Fe Railway, which has been on the 
east (left) side of the train since it left Denver, passes over the Denver 

& Rio Grande Western Railroad at the town of 
Scdalia. Sedalia. The upland on the east is here nearer the 

Bie^tiim B,88s fMt track than it is farther north, and it stands out as 

a plateau with a steep or even vertical front. Some 
of these steep slopes are merely projecting points of 
the highland, but others are parts of hills that have he^i isolated from 



Population 36f5.* 
Denver 25 miles. 
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Fraon 6. — Sectloa at montix of Platte Caoyui. 

it by the cutting of the streams. Such isolated remnants of a once ex- 
tensive plateau are very conspicuous on the west (right) of the road. 
A hill of this kind in the East would not be called by any special name, 
but in the West, and especially in the Southwest, a flat-topped hill is 
almost universally called by the Spanish name mesa, meaning table« 
Near Sedalia are the forks of Plum Creek, one of which comes from 
the south and the other from the east. The one that comes from the 
south offers the more direct course for the railroad, but the one that 
comes from the east is the longer and has the better grade, so it was 
selected, even though its course is more roundabout. 

The most prominent of the mesas is Castle Hock, which may be seen 
far ahead on the right soon after the train passes Sedalia. When 
first seen it is so far away that it seems toliw only a small hill, but 
as the train proceeds it becomes more conspicuous, until at a siding 
called Plateau it appears on the right as a very prominent conical 
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hill sunnonntedliy a tidck, square bkxsk of lock. This mesa was first 
mentioned in the report of the exploration of Maj. Long, in 1820, and 
on account of its resemblance to an old ruin was called Castle Bock. 

As the train approaches milepost 82 the traveler may see that the 
railroad is built around the foot of Castle Bock mesa, whicli is about 

800 feet high and has a cap rock 60 or 70 feet thick. 
CaitleRock. This mesa is shown in Plate XI, .4, and in figure 7. 
«i«Tfttioii 6,218 fe«t. The lower part of the mesa is composed of soft, fri- 
able beds of the Dawson arkose, but the cap rock is 
a coarse conglomerate of pebbles and boulders of 
crystalline rocks of all sorts that have been washed out from the 
mountains and of a volcanic rock (rhy(dite) which caps also some of 
the adjacent mesas. These materials were washed out of the' moun- 
tains by streams of water and dro]ipecl as sheets of gravel and boul- 
ders upon the surface of the land. The county seat of Douglas 



Populatton 461. 
Dearw S8 mllea. 




FiGfRE 7. — CastJe Rock from the north. 

County, named in honor of Stephen A. Douglas, stands at the base 
of tlie mesa and bears the name Castle Rock. Tt was formerly noted 
for its stone quarries, the remains of which still disfigure the mesas, 
but the increasing use of cement in construction work has so de- 
pressed the market for ordinary building stone that the (juarrying 
in(histry has nearly disappeared. Samples of the stone may be seen 
in the Douglas County High School building, on the right as the 
train enters the town, and in the station building of the Denver & 
Bio Grande Western Bailroad.^^ This stone was once molten lava 



'^According to BidiardsoB tbe rhyo- 

lite is said to have been first quarried 

about 1876, and it is reported that up 
to 1914 about .'{0,000 carloads Jjad boon 
luurketed. Tlie stone has been exten- 
sively used for bnlldliiff In D&xmr, €lolo> 
rado Springs, and Pneblo, where It bas 
given jjenernl satisfaction. The quar- 
ries. 1« which railroad spurs have been 
constructed^ are near the town of 



Oastle Rock. The stone Is readily 
accessible, is easily worked, is of pleas- 
int^ frniy to pinkish color, stands the 
weather well, and is sufficiently strong 
for ordinary purposes, although the 
more porous rsrieties are not adapted 
for use wbere great strength is desired. 
Tn recent years the production of this 
stone has fallen ofT because of the com- 
petition of other building materials. 
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that was poured oui as a thin sheet over the surface of the country, 
after the Dawson arkose was deposited hut before the coarse mate- 
rials of the Castle Rock conglomerate were spread over the plain. 

In following the valley of Plum Creek from Sedalia to Castle 
Bock the railroad swings far to the east of a direct line from Den- 
ver to Colorado Springs. After passing Castle Rock it turns back 
toward the mountains, its course being nearly due south to Palmer 
Lake, and the prolongation of this course would lead almost directly 
to Pikes Peak. This majestic mountain is too nearly straight ahead 
to be visible at many points, but here and there as the train swings 
around some of the numerous curves it may be seen in the distance 
towering far above the surrounding summits. 

To those aocustonied to the more humid region? of the East, with 
their dense cover of vegetation, the open spaces of the West, the red 
rorks, and the strong yellow light of the plains are here the most 
striking features. The wonderful color effects of this region are 
beautifully expressed by Helen Hunt Jackson, Colorado's most gifted 
author: 

Colorado Ifl a aymplio n y tn tcOow and xed. And as soon as I bad Mild the 

words, the colors and shapes in which I knew them seemed instantly to be 
arranged In my thmitrhts; planes miles apart Tiopran to knit thpmsplvea to- 
gether into a concerted and related STiceefsinn ; spots and tints T had only 
vaguely recognized became distinct and significant, each in its order and 
ftorce; and more and more as I looked turn the idalns to the monntafna and 
from Che monntaina to the plains, and stood In the great places crowded with 
gay and fantastic rocks, all the time bearing In mind this phrase, it grew to 
seem true and cvmqplete and inevitable. 

Mesas composed of white arkosic sandstone are seen on both sides 
of the railroad, but one on the right, 2 or 3 miles beyond Castle Rock, 
is the most prominent. This mesa, which is known as Dawson Butte, 
famished the geologic name of the formation — the Dawson arkose. 
Just beyond milepost 37 there appears, seemingly from behmd this 
mesa but in reality far beyond it, a jagged mass of red granite, 
which towers 1,000 feet above the general level of the Front Kange 
plateau. This rugged mountain, known as Devik Head, is utilized 
by the Forest Service as a lookout station for the detection of forest 
fires. (See PI. XV, B, p. 81.) On its lonely cmnunit is stationed, 
throughout the summer, an observer whose duty it is to scan con- 
tinually the surrounding mountain region for forest fires, and if he 
discovers one to notify at once, by telephone, the superintendent of 
the Pike National Forest, so that all the rangers can be called to- 
gether to fight the fire. A more extended d^ription of what the 
Government is attemptino^ to do for the conservation of the forests is 
given below by Smith Riley, former district forester.^* 

"Coloriuln jif's in the zone of slight 1 and thp supply of wafer fur this pur- 
precipitatioQ uud heuce of irrigation, I pose coiues froiu tiie mouuUiius, wiiere 
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Above Dawson Butte the railroad oontinues up the valley of East 
Plum Creek, winding around a projecting spur of the plateau on the 

east to the village of Larkspur, from which a stage 
Larkspur. j^jie inins to the resorts in Perry Park, 4 miles to the 

Elevation 6 (^09 feet, ^est This is a natural parklike area at the foot of 

the mountains, made picturesque by natural monu- 



the niolsfure falls u.s suow during the 
winter. The {xresence of trees con- 
trols and prolongs tills strsam flow by 
pceventlng erosion and retarding the 

neltlnsr snow in ttie apring an<l 

early s^nnimer. 

Tlie ior»»si on the inountiiins is com- 
posed of many different species of 
trees, and the range in elevation of 
tiiese needles is oontrollckl largely by 
moisture and temperature. The pinon 
or nut pine and <^e(lar trev^ nro found 
near the plains or in the zone of small- 
est prciipiLatiou. Above this zone, as 
the precipitaHon increasee. Is that of 
the western yellow pine (PI. XIY, O) 
and Douglas fir, with blue spruce on 
small tracts. Above the zono of yel- 
low pine is tlie zone of lodfjeinile pine 
(i'i. XXXVI, li, p. 70) and above this, 
extending to timber line, is tbe sone 
In which Bngelmann spmce (Pi. XIII, 
B) and alpine fir are intermixed. 
Throughout the zones of yellow and 
lodfrepole pine aiul even in that of 
Engelnmnu spruce quukiug asiieu oc- 
curs in abundance. This tree, which 
presents a wonderfni richness of an- 
tnmnal colorin*:. lias a marked tend- 
«icy to seed quickly areas that have 
been severely btirne<l. As it s^ows 
rapidly it so<m forms a cover au<l acts 
as a " nurse tree,** tinder which coni- 
fers that require more moisture start 
to grow and ultimately take poseession 
of the area and kill out the nspen. 
Several varieties of cottonwood are 
found in the moist stream bottoms, in 
the sones of the yellow pine and plfion, 
and out on tbe xAalns. 

One 4^ tbe white or five-needle pines 
grows on exposed slopes high in the 
zone of the yellow pine. This tree, 
which is called limber pine, has little 
cmnmercial value but is very pic- 



turestiue because of its gray-green 
foliage and whitish bark. Its pale- 
yellow cones are larger than those of 
any of the other pines in this region, 
and many of the trees are distorted 
into curious and picturesque shapes 
by tile sev(^re climatic conditions un- 
der which they grow. 

In the sone of the lodgepole pine 
and on the more exposed ridges there 
is flnpt****** five^needlc pine called brls- 
tlecone or sugar pine. This tree de- 
rives its naines from the recurved 
prickles or thorns at the extremity of 
ttie cone scales, and from the exoda- 
tions of resin on the surface of the 
needles or leaves, which when dry look 
very mu^h like particles of sugar. 

To maintain a cover for an even 
stream flow and protect the supply of 
timber all the more extensive drainage 
basins of the United States have been 
indnded *ln national forests. There 
are seven teen such for«-;t'-' in Colorado, 
comprising over 13,000,000 acres of 
mountainous country. 

A forest, which Is based upon nat^ 
ural subdivisions and administrative 
lines, contains from 400,000 to 1,600,000 
acres' nnd is in charge of a forest 
snpervisor and a corps of assistants. 
Every forest is further divided into 
ranger districts, each containing from 
50,000 to 200,000 acres. Such districts 
are in charge of rangers, who police 
th('ni and look after all business per* 
taining to the national forest. 

The Pike National Forest includes 
the mountains west of Denver and 
Colorado Springs. It includes most of 
the drainage basins from wbich Den- 
ver, Colorado Springs, and many 
smaller towns, having altofrether a 
population of about 350,000, derive 
their domestic water supply. In addi- 



Digitized by Google 



U. S. GEOLOGICAL SURVEY 



BULLETIN 707 PLATE Xn 




A. RESULT OF A RECENT FOREST FIRE. 

Scarred and blacknnod Iroc trunks and hnlf-biirncd Iors mark the path of n roccnl. fire ihroiiKh 
the national forest. PholOKraph by the U. S. ForesI S«'.rvice. 




B. RESULT OF AN OLD FOREST FIRE. 



An old "burn" in a national forc«l. Its pathway w marked by the white Kkeletoas of ihe <lead 
trees, which are ready to fall iu a ho|>ciess tun^le when struck by a hard wind. Photograph 
by the U. S. Forest Service 
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ments of tilted and highly colored sandstone. Although less known 
than the Garden of the Gods, near Manitou, it is similai- in general 
appearance and by many is regarded as fully equal to it in natural 
beauty. In these castellated rockg those who have a vivid imagina- 
tion can see mystic monuments and towers, battlemented walls, 
minarets and steeples, and the remains of vast cities that still reflect 



tlon to this supply its streauis furnish 
water for irrigating 400,000 acres of 
rich agricoitanl land at the foot of 
the mountaiDS. 

The region now indnded In tills for- 
est furnished an immense amount of 
timber during tiie (^arly developnur'nt 
of local industries, about 500,000,000 
feet b. m. having been cut prior to ita 
estabUshment as a national foreet. In 
tbe moimtaina fiirther west, particu- 
larly at Howard, travelers may notice 
rows of domelike structures look in-; 
like large beehives of the old-fashimied 
wicker type. (See PI. XIV, B.) These 
are cliarcoal kilns. Tbey represent all 
that is left at the charcoal industry, 
which, before coke was available, fur- 
uislied fuel for smeltei*s. frreatly to 
tlie detriment of tlie timber stands of 
the regions. 

In Gilpin County considerable areas 
of forestland were practically denuded, 
for trees of all sizes and even stamps 
were removed and utilized. This cut- 
ting was followefl, from time to time, 
by tires which fed upon tlic " slash " 
left on the cut-over areas and killed 
the remaining trees. The bare bills 
then permitted a rapid mn-off of wa> 
ter after heavy rains, which caused 
considerable destrnctiye eronion. Sim- 
ilar conditions mark other ports of 
the Pike National Forest, but erosion 
has not cut so deeply into the slopes, 
and owing to generally favorable con- 
ditions, many areas have naturally 
become reforested. 

In the early days all ranch build- 
ings were eonstrncted of logs, and 
even furniture was made by the set- 
tlers^ Tbe trees also fnmished the 
entire supply of fnd. In many locali* 
ties tbey serre tbe same purposes to- 
^ — ^tbe randiors and new settleni 



put up their ovm buildings of li>j;s ob- 
. tained from the national forest under 
free-use permits, or established ranch- 
^ can pnrcbaae at a low prtce, equal 
to the cost of administering the sale. 

From 1S75 to 1895 most of the rail- 
roads of tlie nioimtain region were 
built, and praetieally all construction 
was done with local timber. Most of 
tbe cutting was done by small <q;»er- 
ators, with sawmills of 6»000 to 10,000 
feet b. m. daUy capacity, who would 
locate or purchase a small tract of 
timber land and tlierj cut not only Uiat 
but the timber on adjoining Govern- 
ment land. Tbe operators of that day 
paid Uttie or no stumpage for tbeir 
tlml)er and cut only that which was 
the must easily obtained or which was 
best suited to their purpose. 

Since 1905, when the forests came 
imder the jurisdiction of the Forest 
Service the Govemm«it*B timber has 
been sold to private purchasers at fair' 
rates of stumpage, and cutMng has 
been restricted to trees whose removal 
would benefit the remaining stand. 
The stumpage price charged in each 
sale is the difference between the mar- 
ket price of tbe product and tbe esti- 
mated cost of production plus a lib- 
eral allowance for profit to the opa- 
ator. 

The amount of timber cut in the I'ike 
National Forest for tlie year ending 
Jnne 30, 1921, was 3,420,000 feet b. m., 
for which $4,060 was paid tbe Oovem- 

ment for stumpage. In addition, about 
l,(Mj((,(M)() fppt b. m., mainly of dead 
material, was {-'ranted free to .settlers 
and miners for llieir own use. 

Tbe area of the Pike National For^ 
est is 1,280,112 acres, of which 162,056 
acres Is patented or privately owned, 
and 108^000 acres Is above timber line. 
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in the maasiTeiieaB of their ruins some of their former grandeur. 
To the geologist these buttes and plateaus are also the ruins of a 
former sge, but instead of being carved by man and representing 
cities that have pfiased away they were carved by water and wind 
from an older and higher land surface that carried its own par- 
ticular types of plants and animals and that had a climate which may 
have been very different from the climate of to-day. Compared with 
these remnants of this old land surface the most ancient ruined 
cities are as the works of yesterday. 

Larkspur Butte on the east and Baspberry Butte on the west are 
small remnants of this old surface. Beyond them the upland has 
been cut away, leaving a rather broad valley in which stands the 



The pr€>sont stand of timber in t)ip 
forost Is ostiinated to be l,10(j,(XHj,<A>0 
feet b. ID., of wJiich 620,000,000 feet 
b. m. Is oMkSlderecl to be in conuiieidal 
stands and 480,000,000 feet b. m. In 
protection stiinds. 

The fnilowiiifr list jcrfves the species 
in the order of their -dinnihince in the 
presCTit merchantable stands, the 
names In parentheses being those often 
used by local ttmbermen: Bngelmann 
Spnice (white spruce), yellow pine 
(immntnre timber is railed blflckjuck). 
Doiijj:1jis tir (red spruco), lofi^t^pole 
piue, wliite pine, limber pine (white 
pine or plfiou), bristlecone pine (sugar 
pine or piflon), alpine flr (whits flr), 
white flr (balsam or black balsam), 
Colorado blue spruce (water spnice), 
and aspen (qnaltin? asp). Of these, 
Doiii-'las fir is- tlie most valiuibie for 
railroad lii s and lumber for other pur- 
poses, and yellow pine second. 

When an application for a timber 
sale is received by the Forest Service 
it is first necessary to determine 
whether tlie timber applied for sliould 
be sold. Where dead timber is avail- 
able and will answer the purpose its 
use Is enconraged. The ebject of cut* 
tins green timber is to Improve the 
stand by the removal of the mature 
and defective trees, which are grow- 
ing very slowly, and to thin crowded 
groups of trees, leaving a stand of 
younger thrifty saplings and poles 
with plenty of growing space and per- 
mitting young trees to come In wher- 



ever tliere is not already a sufficient 
stnnd. In order to improve tlie stand 
and keep it in the best of cuaUition 
for future growth it is necessary to 
base the time and method of cutting 
on the needs of the forest rather than 
on the d'"^ir(> of tlie operators. In 
the slow-jirrowing stands of this forest 
it will generally be fnini HO to 50 years 
or more after the first cutting before 
the area idiould be cut over again. 

In a FMest Service timber sale 
each green tree to be cut is desig- 
nated by blazing and stamplnj; it with 
a *' U. S." stamp. Tins marl<ini; is 
necessary in order jliat ll»e trees wliich 
are to form the basis of the ftttare 
stand win not be destroyed. (See Fl. 
XIIT, A.) After the marked trees 
are cut and skidded or hauled to a 
central point, the material is soiled 
or measured by a forest ranger and 
there sawed into Inmber by a small 
mill. (3(Hitracta for the sale of green 
timber provide for the disposal of the 
brush and debris resulting from the 
cutting. Where there !s a serious 
menace of lire the purchaser Is re- 
quired to pile the brush and burn it 
when there is no danger of the fire 
spreading. Where the danger from 
Are is not SO great, or where some 
protection of the soil is needed to In- 
dtife reproduction, the purchaser Is 
retiuired to trim the tops and scatter 
the brosh so that It will lie cIobs to 
the ground, where It will absorb mols- 
tore and decay rapidly. The proper 
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A. A FOHUST NLHSKRY. 

The Monumnnt nursery of Iho U. S. Foroal Ri-rvicc, in which yoiiiif; Irees aro lirown rrom tl-ft 
seefi. This nursnry contniiu 1,72'>.(I00 sectlliiiin und )U().<MM> Irnnsplanls. which hitcr will 
be numl for reforesting somo of Ihe burned-over areas. i'hotoKraph by the II. S. Forest. 
Servic*. 




C. YKLLOW PINE. 

Typical Hlund of yellow pine iu Uio Pike National Forest, Photograph by the U. S. Forest 

Service. 
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A. A PLACK FOR ARTIFICIAL REFORMIST ATION. 

A tract on the moiintiiin back of Palmer I^nke burne<l so severely that artiHcial reforestation is 
noccsnary. The mountain top here is almost u perfect plain (a iieneplain). Pikcft Peak, in (he 
distance, rises nearly a mile at)ove its surface. Photograph by the (J. S. Forest Service. 




B. FIRE-LOOKOUT STATION. 

On Dnvil.s Mead Mounlaiii, in the Pike National Forest. The ol>scrver stationed here is on 
the lookout for all forest tires occurring in an an?a of 600,000 acres. In case «»f fire ho notifit« 
by tf<ln[>lione the Huperintenilcnl at Denver and the loi^al forest ranKers, who at once endeavor 
to |>ut (Hit the fire before it spreads and destroys valuable limber. Photogra|>h by the U. S. 
Fore«t Service. 
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hamlet of Greenland. After passing this village the train turns more 

toward the southwest and pursues a direct course 
toward the low gap which separates the headwaters 

Elevation 6,91 Of ert. ^ ^^^h from thoSC 

Denver 47 mlleB. _ 

of Monument Creek on the south. This gap is at 
the foot of the mountains and is marked b j Palmer Lake, the highest 

point on the line between Denver and Pueblo. This 
Palmer Lake. and its relation to the mountain front are well 

Eievatioii 7.237 feet. f[hown in Plate XVI, B. The lake and town were 
D«nveT5Tmiiea. uamcd for Gcu. Palmer, the organizer, first presi- 

dent, and inspiring genius of the Denver & Bio 
Grande Railroad. A more e3rtended account of Gen. Palmer and his 



disposal of brush is Mio nuwt neces- 
sary measure for tho protection of a 
cut-over forest from fire. 

Id the early days of settlement In 
this coontry the forest Boftered con- 
aiderablj from fires. (See PI. XII, 
A and B.) Tho present flre-flghting 
iiiftlKHls and orfranizatioii were nn- 
hearU of. In 1869 a lire started hy 
hunters on Pikes Peak Is said to have 
hnmed intermittently for eight 
months and to have covered many 
fhnnsands of acres, though thj^re were 
several times during this pcM'iod when 
a small crew of meu could have ex- 
tinguished it. Similar fires covered 
about 280,000 acres In tiie Pike Na- 
tional Forest, and of this area 60,000 
acres is not restocking but must be 
reforested. 

While visiting Colorado Springs the 
traveler will notice bumed-over areas 
oil the slopes of Pikes Peak. Several 
cities and towns procure their water 
supply from the slopes of this rnon?!- 
tain, so it is of groat Iniportunce that 
the forest growth be extended and 
maintained. An agreement has been 
entered Into between the Forest Serv> 
ice and the cities of Colorado Springs, 
Manltou, and Cnscade tliat the service 
shall reforest these slopes as rapidly 
as the funds available will permit. 
Already about $100,000 has been ex- 
pended In this work, and complete 
plans have been formulated for Its 
continnatlon until tn»o growth has been 
established upon the entire area suited 



to the purpose. In making tho trip 
to Pikes Peak over the jiiitoiuobiie 
highway the traveler passes through 
several of these plantations. 

In order to aocMnplish this planting 
a nursery has been established just 
west of the town of ^Tont^ment (PI. 
XIV, A). At the i»resont time over 
1,500,000 tree seedlings and 000,000 
transplanted trees are growing in this 
nursery. These trees will be planted 
in the mountaios when they are two 
to three years old at a distance of 
<» to 8 feet apart. I Miring Y.Ylii the 
area thus reforested comprised 738 
acres and the planting required 510,000 
trees. 

Forest fires still cause great de- 
struction in tho national forest. fSfn^ 
Pis. Xll, .4, IS, and XV. A.) TUq pos- 
sibility of hres in the Pike National 
Forest is great, because eight rail- 
roads traverse it, 5,000 people live In 
It, and 250,000 tourists seek recrea- 
tion within Its borders. On the sum- 
mit of Devils Head Mountain the For- 
est Service has established a lire-look- 
out station (PI. XV, B), at which an 
officer is detailed to watch for fires 
dTiring spring, summer, and' autumn. 
Tliis officer Is in dlr'"'f roiiujiunicatlon 
by telephone with the supervisor's of- 
fice In Denver and with the rangers 
whose districts hie overlooks. As soon 
as a fire is discovered he gives its 
location promptly and accnrately so 
ti)Mf thp raniiTHrs can stiirt with men, 
tools, and supplies to fight it 
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work will be foimd on pages 54-60. The town of Palmer Lake is coin< 
posed largely of cottages for summer guests who come here for health 
and recreation. The railroad station is 1^57 feet higher than Denver 
and 1,248 feet higher than Colorado Springs. Glen Park, an assem- 
bly ground modeled after the famous Chautauqua of New York, is 
about a mile from the station. The mountain front west of the lake 
rises abruptly, as shown in Plate XYI, to a height of 1,800 feet 
above the level of the lake. The summer cottages nestle in the ra- 
vines at the base of the monntain and afford the inhabitants the ad- 
vantages and attractions of both the plains and the mountains. 

The mountain front rises abruptly from^he plain without foot- 
hills of any kind. The reason for the absence of foothills is that 
the rocks of the plains, when they were bent by the upthrust of the 
mountains, could not stand the strain to whidi they were subjected, 
and in many places they broke and the lower crystalline rocks of the 




Fionu 8. — Sketch section through Palm er Lake, showing fault. The granite on the 
west has moved op (see PI. LXXXVII, in. 216) with reforaioe to the rocfce oC the 
plains. 

mountains were forced up into direct contact with the broken edges 
of the soft, flat-lying rocks of the plains, forming what is called a 
fault. The positions of the rocks and their relations are shown in 
figure ^. The effect of this fault has been much the same as that of 
the small faults shown in Plate LXXXVII, ^ and ^ (p. 216). 

From Palmer Lake to Colorado Springs the railroad extends down 
the valley of Monument Creek, so named from the pinnacles and 
columns of white sandstone (Dawson arkose) that are left by the 

irregular weathering of prominent outcrops. The 
Monnment. first conspicuous example is on the east (left) of 
Elevation 0.072 feet, the road, where a mass of the sandstone has 
nSwiemiiM. weathered into a form lesemhling an elephant. 

(See PI. XVI, A.) On account of this resem- 
hlance it is generally known as "The Elephant." The valley im- 
mediately south of Palmer Lake is narrow, but in a short distance 
it swings to the east and at the village of Monument is broad, irri- 
gated, and well farmed. 

The next station on the railroad is Edgerton (see sheet 2, p. 84), 
which is the point of departure for those who wish to visit Monument 
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A. "ELEPHANT ROCK. • 

Just after nassinR Palmer Ltike the uiiiile on the train will call attention to the *'He|)hanl," 
one of U\e p-otesque remnants o( the Dawson arkosc which has weathered into a form 
rcsemhliriK an elepIinnL Photo^aph by C>. H. nichardson. 




B. PALMER LAKE. 

On a hoi day in summer one of the most refreshinK siffhts between Denver and Colorado 
BprinKs is the little sheet of water known as Palmer l^ke. It lies on the divide l>etween the 
Arkansas and the Platte und also at the f<K)t of the Front Ranfte. w hich shows on the right. 
Photograph furnished by the Denver & Rio Graudo Western Railroad. 
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Edgierton. 



Park^ 2 miles to the west, near the foot of the mountains. This 

park is also noted for the fantastic forms assnmed 
by the rocks as they are cut away by the elements. 

Elevation 6.417 feet. ^ f^y^ ^j^g coliimns ill wliich iroii oxide has 
DeiiT«r 86 miles. . 

cemented certain layers, i'ornuii^ a cap that pro- 
tects the layers below from rapid decay, are shown in Plate XVII, 
A and Z^. 

In its course down Monument Valley the railroad is built on the 
Dawson arkose, but the lower part of that formation is composed of 
sandstone that decays easily, and the rocks do not form buttes or 

mesas. Near Pikeview the arkose is cut through, 
and file Laramie, or underlying formation, is ex- 
posed. Its outcrop is not oonspicttous in the valley, 
but it forms a line of white sandstone cliffs that may 
be seen for a long distance to the east (left) . This formation is the 
same as that which carries coal northwest of Denver, and were 
overlying formations removed it would be possible to walk on 



FOapvieir Sta. 

I MONUMCNT VAUXf 



Pikeriew. 

ElevaUoD G.199 feet 
Denver 70 milca. 




FlOUBB 0. 



at Flkevtew. showing the fault that separatw the rocks of 

from those of the roouotainR. 

this sandstone continuously from Pikeview to Denver. It also 
carries coal beds in the Monument Creek valley, and the principal 
business at Pikeview is mining coal. The coal is mined by a shaft 
about 250 feet deep, but a short distance to the south it comes to the 
surface. It is of low rank and slacks or falls to pieces quickly when 
exposed to the atmosphere. As it comes from the mine it carries a 
large percentage of water, which makes its heating power low, but 
despite its inferior rank it competes as a domestic fuel with coals 
which are of a higher rank but which have to be shipped a much 
greater distance. Pikeview was so named on account of the magnifi 
cent view that may be had here of Pikes Peak, about 10 miles distant 
(PI. XVIII). On a clear day the smoke of ascending trains can be 
clearly distinguished, and even part of the Cogwheel Road to the 
summit can be seen. 

The position of the coal-bearing rocks beneath the surface, as well 
as the relation of the rocks of the plains to those of the mountain on 
the west, is illustrated in figure 9, which shows that in the uplift of 
Uie mountains the rocks have broken and those of the mountains have 
moved up with relation to those of the plains. 
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Below Pikeview the valley is cut in soft shale (the Pierre) and for 
that reason it is broad and shallow, and the mount lins rise majes- 
tically a short distance to the west. Colorado 
Colorado Springs, j^pj jngs is at the point where Monument Creek joins 
Elevation 5.989 feet. Fountain Creek, or Fontaine qui Bouille (bubbling 
Dearer 75 ndica. fountain), as it was nrst named by the i^rench 

explorers, and the railroad runs directly down the 
valley to that city. Colorado Springs is the most noted health resort 
in Colorado and, indeed, in the entire Hocky Mountain region. It 
was organized by Gen. William J. Palmer as a model city on July 
31, 1871, the same year that the first railroad — ^the Denver & Rio 
Grande, then a narrow-gage line — was built into the valley. It has 
far outgrown the ideas of its founder, however, and has become the 
great tourist center of the mountain region as well as an attractive 
residence city, a railroad point of considerable importance, and the 
site of Colorado College. 

The name Colorado Springs is somewhat of a misnomer, for there 
are no large springs in the city, but it is closely connected by steam 
railway and by trolley with Manitou, which has springs of different 
kinds that have a world-wide reputation. Despite its clean, wide 
streets and its wealth of green lawns and shrubs and trees Colorado 
Springs offers little of special interest to the tourist, but it is a stop- 
ping place from which other and moi'e interesting localities may be 
visited and a gateway to the attractive features of the mountains. 
It is built on the edge of the plains, which sweep away eastward 
farther than the eye can see. Few travelers who visit Colorado 
Springs think of the plains as worthy of their attention or as having 
any beauty that is at all comparable with the beauty of the moun- 
tains, but Helen Hunt Jackson, who is buried here in Evergreen 
Cemetery, saw beauty in all the landscapes, and she likens the plains 
about Colorado Springs to the wide expanse of the sea, ever chang- 
ing, yet always the same. 

Between it [Colorado Springs) and the morning sun and between it and the 

far southern horizon stretch phiinfi that have all tii6 beaotF of the sea added 
to the beauty of the plains. \Akc the sea they are ever ohanfrinj; in color, and 
seem Illimitable in dlstaii e. But they are full of tender undulntions nud 
curves, whicli iie\er vary except by light and shade. They are threaded here 
and there by narrow creeks whose course is revealed by slender winding lines 
of Cottonwood trees, dark green in summer, and In winter of a soft, dear gray* 
more beantifal stlU. They are broken here and there hy sodden rises of table> 
lands, sometimes abrupt, sharp-sided, and rocky, looking llko huge castles or 
line!^ of fortifications; sometimes soft, nioundlike, and .Imperceptibly widening, 
Uko a second narrow tier of plain overlying the first. 

The continuation of the description of the country along the main 

line of the railroad will be found on page 53. 
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ONE-DAY TRIPS FROM COIiORADO SPRINGS. 

As most travelers on the Denver & Ki > T^rande Western Railroad 
stop here to sample the mineral waters of Manitou and to explore the 
peaks and canyons of the near-by mountains, the more interesting 
side trips that may be made in a single day will be described. 

MANITOU AND THE GABDEN OF THIl GODS. 

The place that is lirst visited by most travelers stopping at Colo- 
rado Sprinfjs is Manitou, 6 miles to the west, at the foot of Pikes 
Peak. In order to reach Manitou from Colorado Springs the 
traveler must pass through the historic town of Colorado City, which 
sprang into existence as a result of the rush of gold scekem to the 
Pikes Peak region in 1859. A cluster of log cahins was built at 
the base of tlie peak, but no gold was found. In W(''2 Colorado City 
again came into prominence, when the second legishitive assembly 
of the Territory convened there, but after a four-day session it 
adjourned to Denver, the real capital of the State. It is said that 
the building in which the meeting was held is still standing but in 
a niTich dilapidated condition. In 1910 Colorado City Iiad a popula- 
tum of 4,33;i; since then it has been consolidated with Colorado 
Springs. In the j^almy days of the Cripple Creek camp it had 
four cyanide plants" in operation treating the ores, but with the 
decline of that camp the mills have been allowed to fall into decay. 
At the present time only one of them is in operation. 

The town of Manitou has a permanent population (1920) of 1.357, 
but during the summer it has many times that number. It was 
originally called Villa Iai Font, but this name was later changed to 
Manitou, which is the Indian name for the Great Spirit. It is said 
that tlie Indians were familiar with the springs before the advent 
of the white man, and that they believed that the bubbling was 
caused bv the breath of the Great Spii-it. In Manitou there are 
16 springs whose waters differ widely in the composition and quan- 
tity of the mineral matter they contain. Some of the waters are 
strongly impregnated with soda, others with iron and magnesia, 
and some contain, it is said, lithia, lime, sulphur, potash, and other 



"The cyanide process of treating 
gold ores was (Ms(.'ovei*ed in 1890 and 
is now used uH over the world. It 
ii best adapted to free-miUiug ores, 
eapedaUy after the bulk of the gold 
Iws beeo removed by' amalgamation. 
Thp ore is first broken and ground as 
fine as flonr. It is then carried to 
great vats, where the gold is dis- 
MlYed by a weak solution of cyanide 



of potassium. After standing for 
several days tho «oii!<ion <ontnIning 
the srold Is passed over zinc turnings, 
which precipitate the gold with other 
metals aa a black ellme. Similar re- 
raits may be obtalDed by diectrolyala 
except that the gold is obtained in a 
purer form on lend platpfi. The slime 
or lead plates are then treated to sep- 
arate the gold from tlie baser metals. 
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mmerals.^* The principal sprinpi Jire known as the Soda, Ute 
Iron, Ute Cliief, Navajo, Geyser, Mansions, iSoda-Xron, Twin Sho- 
shone, Miiineiialia, Magnetic, and Magnesia. 

The srcond most attractive natural feature of the region is tlie 
Garden ol" the Gods, which can easily be reached from Manitou or 
from the trolley line that connects Manitou and Colorado Springs. 
This interesting bit of wonderland is now a part of the Colorado 
Springs park system, to which it was transferred in 1909 by the 
heirs of the late Charles Elliott Perkins with the stipulation that 
it should be fore\ ei kept open and free to the world. 

There are two entrances to the Garden of the Gods, bnt the traveler 
should by all means approach it from the lower entrance, the one 
nearest Colorado Springs, for he will there get his first view of it 
throu«ih the celebrated " Gateway," which is in itself one of its most 
striking features. Plate XIX shows the great upstanding ledge of 
red sandstone in which the " Gateway " has been cut by a small 
stream. The view here shown is not tliat which the traveler will get 
from the main road but is one he could get by climbing and walking 
a little distance to the north before reaching the deep cut. The white 
rock in tlie fore»:ronnd is a thick lied of gypsuiii, wiiich contrasts 
strongly with the deej)-red sandstone beyond. 

After passing through the "Gateway" the traveler will find him- 
self in a wonderful array of tall spires of red and white sandstone 
and of many fantastic forms, which have been produced by the slow 
weathering nl the massive rock. These features are shown in Plates 
XX and XXI. The rocks of the Garden of the Gods are of tjie same 
general charaeter aa the uptixmed red sandstones between Denver and 
Oolarado Springs, but the forms are larger and more picturesque here 
than they are at any other place on the mountain front. These great 
natural monuments look as if they had been pushed up from below the 
surf a4» by some giant force, but they are really mere remnants of 
great masses of red and mottled rock that were long ago tilted up 



"An analysis of Manitou table wa- 
ter, madp by t^lif^ Rurpfii;] of Phemistry 
of the Department of Agriculture, is 
as follows: 

Parts per mlUion. 



Silica (SIO.) 47.2 

Iron and alumintun 

(Fe+Al)_. 1.8 

Manganese (Mn) 1.7 

Calcium (Ga) 

Magneflimii (Mg) 79.2 

Sodium (Na) RSl.O 

Potnssinm (K) 71.3 

Lithium (Li) .23 

Ammonium (NEU) .05 



. Parts par miUioa. 

Oxygen to form man* 
^nnrvmanganic oxide 



(Mn.O*'^ 0.7 

Bicarbonate radicle 

(HGO,) 2»664.6 

Sulphate radicle ( SO4) - 210. 2 

CJhlorlne (CI) 290.0 

Bromine (Br) Small amount* 

Metaborate radicle 

(BOi) Faint trace. 

4,344.88 



The water is supersaturated with 
carbon dioxide (GOa). 
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A. THE "S1AM1-:SE TWINS. 

The "Siamese Twins" arc still apparnntly )>ouik1 IokiMIkt hy solid ruck, hut close inR|>oclion 
shows a crack along which Ihi- weather in slowly accomplishing its work of destruction. A 
few grains of s<ind may ho loo^iened and hlown away each day, and this process rc|)ealc<l 
almost indefinitely will linally msvor the ironraM^tioii and then the columns will stanil senarnle 
and distinct. Pholo>;raph hy L. C. McClure, Denver: fnrniMhnd hy the Denver & Rio 
fJrande Western Kailrua<l. 




B. "BALANCED ROCK." 

This slranKc monument of nature's handiwork attracts the attention of most travelers. It 
wa.s once douhtlcss eonnoelc<l with the pedestjd on which it stands, hut a soft layer near the 
l>oltom has heen worn aw ay until the mass s<H>mH to he ready to tumhie at any moment. The 
rod sandstone contains many pchhle.3 and mi^ht properly Iki called a conglomerate. Pho- 
tograph furniiihod by Uie Denver & Kio Grande W cslcru Railroad. 
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on end and then were partly vemoTed by the diasolTUig action of the 
atmosphere. This is a slow process, but it is always in operation, 
and each day a few grains of sand are loosened and carried away. 
Under this constant attack new and picturesque forms are being 
produced and the old pinnacles and towers are being worn away. 
All these interesting monuments of the activity of weathering proo- 
esBes will at some time be worn down to the level of the plain, but 
that time will be so far in the future that the loss of the jnonuments 
need not give much concern to the present generation. 

The great ledges that give to the Garden of the Gods its pio- 
luresqueness extend to the north and are again strikingly exposed in 
Glen Eyrie, which for a long time was the chosra home of Gen. 
Palmer. I^late XVII, 6^ (p. 33) , shows one of the more striking rocks 
in this well-known glen." 



"The rocks In and about the Garden 
of the Gods and Glen Eyrie are more 
fully described by FroL George I. Vtth 

lay as follows : 

Few rep:i<)ns in tlie Unite<l States 
offer so much to the traveler and to 
the student of rocks as the country 
about Colorado Springa The Becky 
Mountains here meet tbe Great Plains 
with a boM front. At some places, 
owing to faults or breaks in the beds 
of TiH'k, the old. strong granite of tbe 
mountains stands in direct contact with 
the joane, weak rocks of the plains; 



under the waters of shallow sea.s that 
from time to time invaded this part of 
the continent Such seas were extte- 
sions of the Gulf of Ucadeo or were 

connected with the oceans that sur- 
rounded the continent. At one time, 
in tbe Cretaceous period, the Gull of 
Mexico and the Arctic Ocean were con- 
nected by a sea that eztoided across 
North America. The continent was 
Hum reduciMl to a number of islands, 
many of which were nearly contineiital 
in size. The shallow water between 
them became the settling gnmoA for 




FiorRr 10. Sf rtinn tlirotiph Oardon of tho Gods. The spires and walls of the gatowny 
are carved in tbe upstanding block of sandstooe, and this block is separated from tbe 
rocks Ml both rtdcB by fi»i]t& For esplSBatloB of lettm see Flats XXII. 



at others, as at Mauitou and in Uie 
Garden of the God% the sedimentary 
beds are upturned In a narrow belt 

that offers the traveler an unusual op- 
portunity to examine and study them. 
The layers of nu-k that compose the 
foothills and plains are like books on 
a shelf wliidi have fallen over toward 
one Okd, so that most of them lie at 
low angles, although a few are nearly 
vertical. (See tip. 10.) 

Thcsi' rocks lie in distinct layers 
becuu.^- mcst of theui were laid down 
SOe&T"— 22 i 



the sand, mud, and gravel which the 
streams tooogbt down from these great 
idanda Aloos the shores the waves 

were cutting away the land and re* 
(lucing it to mud and sand, and strong 
currents were carrying these materials 
widely over the sea floor. Aiter this 
condition had prevailed for a long 
time the condnent was vplifted and 
was restored to something like its old 
outline. During these changes sand 
was consolidated into sandstone, nmd 
into shale, and gravel into couglomer- 
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FIKSS PBAX. 

Muiitoti is the place from which the start is made on the Cogwheel 
Boad lor the ascent of Pikes Peak. Pikes Peak, the highest moun- 
tain in this part of the system (14,109 feet), was named for its dis^ 
coverer, Lieut^ Zebulon M. Pike, who was commissioned by Presi- 
dent Jefferson to explore certain parts of the western country ac- 
quired from France by the treaty of Paris, signed April 80, 1808, 
and generally known as the Louisiana Purchase. Pike had already 



ate, all boinjr f'<mif»nted and wplfWl to- 
gether by the great weight of tlie lay- 
ers above. In the sea limy shells ac- 
cumulated In great beds and were In 
large part ground up by Uie waves and 
redticpd to fine particles, which were 
cemented together by a part, of their 
liuie curbotiate into beds of limestones. 
These several kinds of rock— shale, 
Bandttone, con0onienite» and Itme- 
fltone — are the sedimentary beds which 
are so well represeiite<l near Colorndo 
Springs, where their total thickness in 
over 10,000 feet. Tliese beds of rock 
were not originally vertical or Inclined 
but lay horlBontal, and it was the up* 
lift of the mountains, which occurred 
long after they had h''*^n fornie<l. that 
disturbed them. Their edges are now 
exposed all the way from Manitou to 
Aufltitt Blufl, east of Pikeriew. The 
oldest of these beds are those which 
lie upon the granite of the mountains; 
the youngest are tho.'^e which are ex- 
posed in Austin Bluff and beyond ; and 
the l>eds of intermediate age are those 
Id the Garden of the Oods. 

The formations into which the sedi- 
mentary rocks of tlie Colorado Springs 
rpgion are grouped by geologist.s and 
the names of the geologic periods in 
which they belong, as determined by 
the study of their fossHs* are riiown 
on sheet 2 (opposite p. 84) and in the 
gcnernl section on page n. The term 
formation is generally applied to a 
distinctive bed or a series of distinc- 
tive beds of rock, such as sandstonep 
shale, or limestone, that were formedi 
continuoufly or In close sucressfon dur- 
ing a certain period of geologic time, 
or to a group of beds that are of 
about the same geologic age. It 



i.s thus frequently applied to such 
nn assemblage of beds as may be 
grouped together as a unit for con- 
venlence In mapping. The deposits 
made in a single geologic epoch or 
period are usually represented by sev- 
eral formations. In this retrimi tl>e 
Upper Cretaceous epoch, for instance, 
is represented by eight formations, 
though ottier periods are each repre- 
sented by only one formation. Be- 
tween the Manitou limestone and the 
shale at the base of the Fountain for- 
mation there arc no representatives 
of die rocks that were formed dse- 
whers during the Silurian and De- 
vonian periods. Nor is there any rock 
to represent the earliest division of 
the Carboniferous period. The ab- 
sence of these beds means either that 
during these long periods of time the 
Colorado Springs region was dry land, 
upon which no material was being de* 
posited, or that the rocks then de- 
posited there were later worn away. 
Between the Lykins and the Alorrisoa 
formations no representative is found 
of the Triassic period, whose rocks 
constitute another d the geologic sysr 

tenis. 

Not all the sedimentary rocks of the 
Colorado Springs r^on were laid 
down on tte sea floor. The Dawson 

arkose, for instance, at the top of the 
column, was spread out on tbo hmd 
by the many eastward-ilowing streams, 
which brought quantities of disinte- 
grated granite and grav^ down from 
high lands on the west. As these 
.streams shifted from side to side over 
the country tliey spread gravel some- 
what evenly over the slope until they 
had OiQa deposited considerably more 
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made a trip to the source of the Mississippi when he was directed to 
explore what was then known as the "Southwest." He and his 
party left Missouri in July, 1806, and went across the country to 
the Arkansas and up that valley to the site of Pueblo. At the mouth 



tban a thousand feet of coarse matt^ 
rial. The Fountain formation is Hiim- 
lar to the Dawson arkose, and much of 
it was no doubt similarly deposited. 
The Lykins fomiatioii is made ap of 
beds which were laiO down in land- 
lockf <i botlies of water in a region 
tliat had an arid climate. The Lara- 
mie formation is made up of beds of 
sandstone and diale between wbicb 
theie are layers of coal that lepie- 
sent accumulations of vegetal matter 
in swTimps. When a tree dies in the 
forest it quickly decays, but when it 
falls into a pond of water, as in a 
swamp, the water protects it iu a 
groat measare fkom decay* so that its 
carbon is stored up and acc^nlates 
as coal. 

Colorado Springs is built on the 
nearly horizontal Pierre shale. The 
road from Colorado Springs to Man- 
Iton leaves this shale Just west of 
Colorado Gily and In the succeeding 
3 miles crosses the Steeply upturned 
beds of the Creta coons formations. 
Beyond Quarry Spur it passes ov^r 
the Fountain beds, which underlie 
Manitou. These relations will be un- 
derstood from a study of the map 
shown in Plate XXII and the cross 
section forming figure 10. 

On leaving Mnnfton n wallc of less 
than a mile up Ule Pass as far as 
Rainbow Falls takes one past the 
sedimoitary rodcs into the granitCw 
On either hand, resting on the granite 
are the lowest white layers of the 
Fawatch sandstone, of Cambrian age, 
the oldest sedimentary rock in this 
region. The contact between the 
granite and the sandstone Is every- 
where so remarkably even as to indi' 
cate clearly that before the sand 
which formed the sandstone was de- 
pf>siteil the granite had been worn 
down to a smooth surfnre or a nearly 
perfect plain. About 50 feet above 



tlie pranite the dove-colored ^fanltou 
limestone (Ordoviclan) . over 200 feet 
thick, succeeds the sandstone and 
forms the bulk of the ridge between, 
nte Pass and Williams Oanyon. In 
WlUtams Osnyon (Pi. XXIII) the 
walls are composc l of the same two 
formations, overlying the granite. 

The Cave of the Winds, in the Man- 
itou limestone, compares favorably 
with the Mammotli Cave of Kentucky 
and the Luray Cavems of Virginia, 
though it is by no means so large. 
The limestone in which the cave has 
been ex<^>vated was honeycombed by 
the solvent action of rain water, 
which sank hito it along cracks and 
passed through it In small stre^ma 
Later the streams left the caverns 
which they hnd made, and the dis- 
solved lime carbonate in the water 
that dripped from the cracks in the 
roofs of the cavern produced icicle- 
Shaped forms known as stalactites. 
Water dropping on the floors of fhe 
caves similarly built up stalagmites. 
Queens Canyon, 3 miles north of Col- 
orado City, is in tlie same formation. 

East of Manitou and north of the 
railroad track there are fine exposures 
of the Fountain formation, which 
stretches over to the Garden of the 
(lods. The red rock series — made up 
(if the Fountain formation, the Lyons 
sandstone, and the Lykins formation — 
is about 5,000 feet thick. Near 
Manitou the Fountain beds dip 11** 
B. In the Garden of the Oods they 
were tilted until they stand vertical, 
and in the intervening; ground they 
stand at interme<llate angles. ( See 
fig. 10.) Interesting erosion forma 
may be seen in the Fountain forma- 
tion in Mushroom Park and just west 
of the great masses of Lyons sand- 
.stone in the Garden of the Cods. 
Some of these forms rise 2(H) or 250 
feet above the adjacent ground. 
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of Purgatory Creek he caught sight of Pikes Peak, far to the north. 
Pike, in his journal, calls it the ^ Grand Peak." He was fired with 



Just to tlio east (if I lie Kiitowny to 
the Garden of the Uodn the gypsura 
layer of the Lyklns formiitloa Is prom* 
ineat. (See PI. XIX.) This gypsum 
undoubtedly crystallised out of a land- 
locked body .of sea water which li.ul 
been reduced by evaporation in an 
arid climate to a state of supersaiu- 
ration. Gypsum, a mineral so soft 
that it can be scratched hy the finger 
nail, is used in making wall plaster 
and as a fertilizer. The Morrison for- 
mation, which is made up chiefly of 
maroun and gi'een limy s?liale, is Itcst 
seen near Colorado City iu the rail- 
road cut just east of Quarry Spur. 
This formation, which generally ex- 
toids along the Bocky Mountain 
Front, has yielded many bones of 
hiijre reptiles, such as the Ceratopsia. 
One skeleton was found in the (iarden 
of the Gods. This is the same band 
of rock in which remarkable reptilian 
remains were found west of Denver 
Jill '. II th of Canon City. (See PL 
XXXII, H, p. 70.) 

To observe the outcrojis of the for- 
mations of Cretaceous age as hlgli 
In the column as the Niobrara forma- 
tion it Is necessary to leave the rail- 
road track Just west of Ctdorado City 
and climb about 1()0 feet to the level 
of (he gravel l>onch. These outcrops 
form perfeiUy straight Iju^rliac k ridges 
between Fountain Creek and Bear 
Creek, and the beds In them stand 
nearly vertical. The western hogback 
is made up of Dakota sandstone and 
the T.oAscr Cretaceous rocks that aro 
Hssoeiated Willi it. The eastern hog- 
back carries along its crest the sand- 
stone member of the Carlile formation 
and the overlying Niobrara limestone, 
which are also well exposed. 

The traveler should visit the mesa, 
the large mass of gravel overlying the 
Pierre shale in the V betwe«^n ^lonu- 
meut und Fountain creeks. Thi.s Is 

hut one of many remnants, all slopiug 



away from (!ie mountains at mudi tiie 
same iieight, of a great deposit of 
gravel whidi has been cut through by 
such streams as Fountain Creek. One 
who restores in his mind's eye teem. 
mesa to mesa the gravel plain repre- 
sented by the surface of these rem- 
nants can get an idea of tlie former 
extent of this stream-laid gravel, 
which was spread out by streams 
flowing from the mountains, and can 
understand ^e mode of formatioii of 
the Dawson arkose, which was simi- 
larly laid down in [lions of years 
earlier than this gravel. 

To the south the ragged crest of 
Cheyenne Mountain rises' more tiian 
2,000 feet above the sedim^tazy beds 
at its eastern base. This sudden 
ciiauffe in the surface features is due 
to tile different rate of weathering of 
the sedimentary beds and the great 
granite mass, which was upraised 
along the Ute Pass fhuU for more 
than a mile and at the same time 
thrust forward about 4 miles. By this 
faulting movement tlie sedimentary 
rocks between Munitou and the south- 
ern end of CSieyeune Mountain were 
Sheared ofT as shown in figure 13 
(p. 63). The detached masses of sedt- 
mentary rock that once lay upon the 
upthrown hhu-k of granite were car- 
ried up with it and were long ago 
worn away and lost by erosion. Plate 
XXIY, B» and figure 18 show the Ute 
Pass depression, which marks the 
fault-line break where it continues 
northwestward through tlio granite of 
llie Front liange. This is tlie greatest 
fault or dislf>cation of the rocks in 
the Colorado Springs region. As these 
faulting movemmts took place in 
geologically .recent time the BodQr 
Mountains, which were brouc^t taito 
being by them, are therefore recent 
features in the geologic sense. They 
were probably raised up after the 
duiiosltliHi of the Dawson arkoea * 
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A. J'lKlS PEAK AND THE ROCKY MOUNTAIN PENEPLAIN. 

Thft appoiiraiico of Pikrai Vvak deiMuids largely u|>on the ^x)iiil of view and tlic M-lliiif;. Fro«n 
Colorado Sprinpt it MMtim to \m n mass of mountaiim pdixl one al>ovc another until it culmi- 
nates in the main peak. Viewwl from the north, as in this picture, it Is clearly a single moun- 
tain ma'is Hlandini; on a plain (Rocky Motintniri |icneplaiii) left hy the croKioii of the surround- 
ing roeks. The iilnin has an elevalioii of about 9,200 feet, uitd this |>cak riseM nearly 1,800 
fiwt above it. Pnolofcraph hy (i. H. Richardson. 




B. UTE PASS. 

This view is taken from a point nciir the falls, lookiuK south to Manitou, which may he seen in 
tile distance. Above the fine inilimiobiln rrmd over which the traveler pa.tses on his way to 
the summit of Piki9< Peak are ImhIh of quartzite (hardened sandstone) rcsliiiK diri^clly on the 
fn'anite. This unusual contact Ls iKit due to a fault but to the fact that tlie sand was depoiiited 
un tlie KTanite surface which then formed the floor of tliu sea. Photograph furnislied by the 
Denver & Rio (irunde Western Railroad. 
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the ambition to climb it, so he started off from his camp at the site 
of Pueblo, on Arkansas Biver, supposing that he could easily reach 
its summit and return in the course of a few days. He was not 
accustomed to the clear air of the mountains and did not I'ealize that 
the peak was 45 miles distant in an air line and about rnf) fo^^ 
above him. The party traveled directly toward the peak, and iinally, 
on November 27, 1806, after great hardships, they reached the sum- 
mit of the plateau, at an altitude of probably 9,000 feet, far south of 
the peak. Tlie mountain was covered with snow, and they saw that 
thej were but little more than halfway to the top. As they were 
not prepared for such cold weather, they suffered severely and con- 
cluded that it was then impossible to reach the summit. They re- 
turned as they came and then pursued their way up the river toward 
the site of Canon City. 

The first person to climb to the summit of Pikes Peak was Dr. 
Edwin James, botanist, geologist, and surgeon of Maj. Long's expedi- 
tion, in 1820.** On account of this ascent Maj. Long named the 
mountain James Peak, and it was called by this name for a number 
of years. Eventually, however, the name of ita discoverer, Pike, 
was given to the mountain, and it is now firmly fixed as the most 
appropriate one that could have been chosen. 

Pikes Peak stands at an altitude of 14,109 feet, or more than 1| 
miles (7,920 feet) above Colorado Springs. Its summit may be 
reached by the Manitou A Pikes Peak Railway, better known as the 
Cogwheel Boad, or by automobile over the road recently completed 
from- Cascade to the top. The first part of the Cogwheel route 



"The Long expedition came to this 

rejrion over practically the same route 
timt th(» traveler on the T>PT!v<*r & Rio 
(Traatie Western lias followed south 
from Denvar. MaJ. Long camped at 
the mouth of MomuneDt Greek (Oolo> 
rndo Springe) to allow Dr. James an 
opportunity to climb the mountain 
called by Pike the " Grand Pealc." On 
July 13, 1820, Dr. James and two coni- 
pauious started for the mouutaiu. 
After dining at the ** boiling spring" 
(Soda Spdag at Mnnitou) they began 
the ascent of the mountain, taking 
with them only a single blanket. Tliey 
camped on tlieir way up. probably 
before they got to the timber line, and 
spent a very uncomfortable nii^t 
After much hard dimbiag the iMxtr 
reached the summit about 4 o'clock in 



the afternoon. In their descent they 
lost their way and were obliged to 
spend another night on the mountain 
side without focid or blankets. On the 
moinlng of July 15 they oontimiea 
their descent to the boilhig spring, 
wh&ee Dr. James entered the follow- 
ing note in his journal : 

"A large and much fre(iuented road 
passes the springs and enters the 
mountains, mnniug to tlie north of the 
peak. It Is traveled principally by 
th» bisons; sometimes also by the 
Indians, who penetrate here to the 
Columbia." 

Evidently Ute Pass was used as a 
thoroughfare long i)efore the white 
man was famlliap with Hbs region. 
Dbe geologic caqse of this low pass Is 
Stated on page 40. 
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through Eiigelmann Canyon, which is nearly filled witli lur^e granite 
boulders, is very picturesque. The small stream tumbles over the 
great blocks of rock in continuous cascades, and overhead and around 
is the deep green of the native forest. Near the upper end of the 
canyon is the intake of the main that supplies Colorado Springs and 
Manitou with pure, cold mountain water. The water supply of 
these towns is derived not only from this particuhir valley but is 
gathered by a system of tunnels and canals from a number of rocky 
basins whose natural outlet is to the west. 

After passing through the rough part of Engelmann Canyon the 
road emerges onto a comparatively level terrace of the mountain 
side at an elevation of about 9,000 feet. On this terrace the ancient 
glaciers that came down from the high ])eak above dumped great 
quantities of loose fragments of rock in ridges that are called mo- 
raines. The ice has disappeared, but the moraines still testii^ to the 
ei^cistenoe and the extent of the ice. The most conspicuous moraine 
to be seen from the Cogwheel Road is that which encircles and 
holds in place Lake Moraine, on the left. The moraine had formerly 
been breached by a stream, but it has been artificially restored to its 
original condition, and it now holds a lake of considerable size. 

The surface of the mountain above timber line oonststs of granite, 
which is bare except where it is ooveied by snow. After circling 
around a long spur that projects to the south the train arrives at 
the summit. On the east are Colorado Springs and Manitou, which 
look like small villages or gardens spread at the foot of the moun- 
tain, and still farther east are the plaiiis, which stretch like a^carpet 
as fir as the eye can see. On the west and southwest the mountains 
roll like the billows of the sea far into the hazy distance^ The 
Sangre de Cristo and the great Sawatch ranges tower like giant 
rollers high above the others, as if the sea had been consolidated at 
the very moment of its greatest agitation. On the north is the 
Rampart or Front Bangs, but in this direction, instead of rugged 
mountains, one sees only a gently undulating plateau, which from 
this great height looks much like the plains on the -east except that 
it is dark with a growth of evergreen trees. 

To the traveler who is unfamiliar with high altitudes one of the 
most striking features here is the effect of weathering on the rocks. 
The summit and the slope on the southwest side for some distanoe 
down are covered with blocks of granite that have been broken from 
the massive rock that forms the top of the mountain. The rocks 
on the summits of all high peaks are broken and thrown down in 
the same way, evidently through the rigors of the climate in such 
high and exposed places. The wsim rays of tiie sun daring the 
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day expand the roeks and melt aome of the snow, and the water so 
formed sinkp down in cracks and crevices and during the ensuing 
night freezes. The expansion and contraction of the rocks due to 
changes in temperature and the freezing of water in joints and 
fissures soon break to pieces even the most massive granite, as shown 
on the summit of die peak. 

The first railroad that was projected up Pikes Peak was an ordi- 
nary steam road. It was planned to follow a circuitous route with 
a maximum gradient of 250 feet to the mile and to reach the summit 
in a distance of 20 milea Construction was started in 1884, and 
about 8 miliss was graded when the scheme failed through lack of 
financial support. Surveys for the present road were begun in 1888, 
and the golden spike was driven on October 20, 1890. The maximum 
gradient of this road is 1,320 feet to the mile, and the length is 9 
miles. * 

The automobile roa4 reaches the same point on the summit that is 
reached by the Cogwheel Boad. The length of the road is 18 miles; 
its average grade is 370 feet to the mile, and its maximum grade is 
554 feet The view from the automobile road is even more impressive 
than that from the Cogwheel Road, for, owing to the numerous 
bends, the traveler can see the ever-widening landscape on all sides. 
The route passes through Manitou and up the narrow defile of Ute 
Pass, at first over the edges of the eastward-dipping quartzite and 
then over the underlying granite. The road as well as the contact 
between the quartcite above and the granite below is well shown in 
Plate XXIV, B, At the village of Cascade the new road turns and 
dimbB the west wall of the canyon, and as it rounds the point directly 
above Cascade the traveler can look down the pass to Manitou, far 
in the distance. The road follows Csscade Creek for some distance 
in a canyon hemmed in by granite walls, but these grow less and less 
steep as the automobile moves on until finally the road passes by a 
gentle grade from the head of the valley to the divide between Cas- 
cade and Catamount cre^. At this height, about 9,250 feet, the 
traveler gets a wide view, particularly to the north, and he may note 
that the sky line, as shown in Plates XV, A , and XXIV, ^4 , is as level 
as that of the plain about Colorado Springs, except that here and 
there low knobs rise island-like above the level surface, and far away 
in the hazy distance he can just make out the blue outline of Tarryall 
and Mos(juita ranges, (^ould the traveler, however, cross the ap- 
parently level plain aL s^ hich he is looking he would find that it is 
smooth only in af)|)eaiance from a distance, for it is really cut up 
into numerous ia\iiiLS much like the one followed by the automobile 
road. Another feature wUicii the tiavelei will piobabi^' uuUce on the 
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sorfsoe of this plain is the deep 
and perfect disintegration of the 

granite rock whicli composes all 
this oountry. No ledges of rock 
can be seen, and the soil is made up 
lar<»-ely of small fragments of gran- 
ite broken up by the action of the 
weather. This even surfaco is 
well shown in Plates XV, A (p. 31), 
and XXIV, A, and its relation 
to Pikes Peak is shown in fig- 
ure 11. 

This plateau can be traced north- 
ward at least as far as Denver. It 
is the result of loiiir exposure to the 
action of tlie weather and the cut- 
ting of the streams when the entire 
region was at a much lower level 
than it is to-day — so low, in fact, 
that the streams could cut no 
lower — and It remained in this 
position so lontr that most of the 
hills and other inetpialities of the 
surface were worn away and the 
region was reduced to a plain as 
tnil}'^ as the countrj- about Denver 
and Colorado Springs is a plain to- 
day. That was long, long ago, as 
man measures time, even before 
man was there to see any of 
the operations that produced the 
change. 

Then came a slow but steady up- 
lift of the mountain region and 
probably also of the plain, until 
the lanii readied its present height 
above sea level.* Such an uplift 
accelerated the streams, and thev 
soon cut deep canyons — such as Ute 
Pass and the canyon of Cascade 
Greok— in the surface of the plm- 
teau, until to-day it is leyel only as 
one looikB aorosB broad tcacts ol its 
old surface and at a distance so 
great that the details fade and the 
plain looks as it once did befm 
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the uplift eamt'. At that time, owinfr to the fact that the rocks of 
Pikes Peak are more resistant tlian (hose of other parts of the region, 
the mountain sioud nearly 5,()()() feet above the surface of the plain, 
just as to-day it stands nearly 5,000 feet above the surface of the 
plateau. 

From the plateau the slopes of the mountain above appear to be 
unscalable by a road, and it is only by constant tui'nin<r and looping 
back upon itself that the road finally reaches what appears from 
below to be the summit but what is really a long spur of the moun- 
tain that branches off to the northwest. The northern slope of 
this spur, up which the traveler came, is very steep, but the opposite 
slope is so gentle that it scarcely can he considered mountainous. 
The difference in the appearance of the two :^l(>j)es is well shown at 
a place called " the Bottomless Pit." Here the traveler may stantl 
in his automobile and gaze down on the north into a jajjged pit about 
1,7(X) feet deep, whereas on the other side the slope is very gentle. 
As the r-M ks are the same on both sides of the I'idge there must he 
some cause other than rock texture for this trreat difference in ap- 
pearance. Oeologfists reco<:nize that the steep, jagged slopes on 
the TK iiii side are the result of the action of moving ice, but the 
traveler may inquire: Where is the ice? The climate here is now so 
mild that practically all the snow which falls in the winter is melted 
away during the succeedin<r summer, but ages ago the climate of 
all the United States was much more severe than it is to-day, and 
large glaciers were fMi nu i] on almost every mountain peak. The 
most favornhle place for the snow to accumulate was on the north 
and east sides, for it was not blown away by gales coming from the 
west, and it was protected from the heat of the sun more than it 
would have been on the other sides. Tlius (lie (jlaciers were re- 
stricted to the north and east sides, or at least they were more nuraer- 
ous and larger there tbari they were on the other sides. 

In that far-off time fairly large glaciers lay on tlie side of Pikes 
Peak, and they gouged out gi-ent amphitheaters or cirques, as they 
are generally called, in the jiHumtain side. In this manner the 
original more gentle slope wn> < onverted to nearly vertical walls. 
1'he rocky material that was removed from these cirques was carried 
down by the glacier and deposited at its extremity as a ridge or mo- 
raine or was washed down Fountain Creek. If the traveler wishes to 
see how steep are the cliffs produced by a glacier he has only to walk 
to the end of the Cogwheel Road and look down a thousand feet or 
80 into tiie roc^ basin that the ice has cut. 
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The trip from Colorado Sprintrs to Cripple Creek over the " Short 
Line" ulfords the tra\t k r un oppoitujiity to see some tine and ex- 
tremely di vL'ibe inouiituiii scenery and to visit one of the active gold- 
mining districts of Colorado. 

The route extends directly west from Colorado Springs, past some 
of the big mills that were built to reduce the Cripple Creek ores, and 
then passes up along the right side of Bear Creek canyon. Here tlie 
sedimentary rocks are upturned so steeply that they stand on edge 
and make great hogbacks across the country. (See p. 40.) The 
train passes the limy outcrop of the Niobrara and then goes through a 
projecting point of the Dakota sandstone. Just beyond this ledge 
the railroad crosses Bear Creek canyon and swings back on the other 
side. At the point where it crosses the canyon the Dakota sand- 
stone abuts "end. on*' against the granite of the mountain. Such a 
contact is not normal, and it means that the two diverse kinds of 
rocks were brought into contact by a great break, or, as the geologists 
call it, a fault, in the rocky crust of the earth, the granite having been 
thrust up out of place until it rested against the broken edges of the 
beds of sandstone. This fault is the one that separates the granite 
from the red sandstone a few rods below the station of the Cogwheel 
Bead in Manitou, and its course is marked by Ute Pass, which it pro- 
duced and through which the Midland Terminal Railway (formerly 
the Colorado Midland) finds a way to Woodland Park. South of 
Bear Creek the fault is marked by the base of the mountain, and to it 
is due the abrupt change from steep mountain slope above to flat- 
lying plain below. 

The Short Line ^ climbs the mountain front, gradually attain- 
ing higher and higher altitudes, until it rounds Point Sublime, from 
which the traveler can look down nearly a thousand feet into North 
Cheyenne Canyon. The view from this point is shown in Plate 
XXV, A, Beyond this point the railway winds in a serpentine 
course around spurs and ravines as it adjusts its course to the contour 
of the slopes. But here and there a mountain spur is so lazge or so 
rugged that the cost of grading the roadbed around it would be 
very great, so the train plunges through the spur by a tunnel that 
reaches its very core, and in some places it crosses on high' trestles 
rushing torrents that cascade down the steep granite walls, SA shown 
in Plate XXVI. In this manner the train circles around the slopes 



''•At the time this guidebook goes 
to press the Cripple Creek Short Line 
l8 not in operation, no trains having 
lie^ mn on it for two y«arg. It is 
Hoped* however, that operattoo will he 



resinned and that the trnvoler will have 
the tipjiortuiiity of tuiciug the trip here 
described. Otherwise his best siibstt- 
tate Is a trip by automobile to this 
worid-ienowned camp. 
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A. POINT SUHLIMi:. 

'Ilie Cripple Creek Short IJne, after climbiiiK tlio cast frotit of the mountain to an elevation of 
1.000 r«iet, turns ahniptiy into North Cheyenne Canyon. From this turn, called Point 
Sublime, the traveler may look down nearly 1,000 feel into the roeky canyon and far out over 
the wide expanse of tiluins to the east. PhotoKrupli by L. V.. MeC'lure. Denver; fiiriiLshiHl by 
the Cripple Crei^k Short IJne. 




n. DKViUS SLIDE. 

Tlic CripiJe Creek Short Line ctirves around the hcadst of ravinen. tunnulH through the pro- 
jecting BiMirs. and |■a.s^teM great bare r<Hiiid(>d p-anile mowtes that have reciuvi>d fanciful 
names. The domelike muHs »}iown in thU view in known a,s iJio DcviIh Slide. Photograph 
furnished by the Cripitle Creek Short i<ine. 
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SILVER CASCADIi. 

When thin photuvraph was laken but little water was flowing over the rtx^ks. hut earlier in the 
Heason. when ln« snow on the mountain is meltinK, the water leaps from lotlKe to led^c mxi 
slides down the rocky sloi>es in sheets of lacy foam. The smooth, round slopes and mountain 
tOfK) show rlciirly how readily the most massive granite Hoftens and diHuiys. Photograph 
by L. C McC.lure, Denver; furnislied by the Oip|4c Croek Short Line. 
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of North Cheyenne Canyon far above the ru^jsred scenic part and then 
tunnels tiuough the dividing ridge and circles around the slopes of 
South Cheyenne Canyon, all the time climbing so as to cross the 
divide at its head. 

In this long climb the traveler may obtain many beautiful views 
of rugged mountain slopes covered with a stately forest of evergreen 
trees, of foamy cascades that plunge down gulches and ravines, of 
great bare rock slopes, such as the one shown in Plate XXV, and 
of far (liT Colorado Springs, spread out on the level prairie like a 
miniature garden. 

The crest is passed tit the station of Summit (altitude 9,913 feet), 
and the train then begins the descent of the west side. This side is 
much less steep than the one up which the train has laboriously 
climbed, and along it the roadbed winds about from one valley to 
another as it crosses tbe headwaters of a number of mountain 
streams. Many of the yalleys of these streams contain ranches, but 
some are mere gorges in the rugged granite, such as is shown in 
Plate XXVn, 

The train finally arrives at Goldfield Junction, in the midst of 
some of the largest gold mines of the Goldfield district (PI. XXVUl, 
J.). If the traveler wishes to see the big mines and mills to the best 
advantage he diould here transfer to the High Line " trolley, which 
carries him around mountain tops, ,among mines, mills, and dump 
heaps of waste rock, and finally lands him in the once famous town of 
Cripple Creek, the center of one of the beet-known mining districts 
in Colorado. Beturoing he can see most of the low4ying part of the 
Cripple Creek district from the steam cars, especially the great mines 
at Victor and Goldfield. The district was prospected at several 
periods, but it was not until the autumn of 1890 that Robert Womack 
discovered gold in place at what is now the Gold King mine, or in 
the flank of .Poverty Gulch, just southeast of the town of Crip^e 
Creek. Since then the district has produced more than $300,000,000 
in gold, and its present yield is about $360,000 a month. A more 
detailed account of the disooveiy, development, and present con- 
dition of the district is given below by F. L. Ransome." Further 
information concerning the district is given in the Geological Sur- 
vey's Prof esEdonal Pap^r 54. 



" The Cripple Crei^k district is one 
of the uio8t interestiug, productive, 
and tboiooghly studied gold divtrlctB 
to tlift UiiU«d States. Tlie lilstexic 
msb of prospeefeois to Pikes Peak in 
1859, with its well-known slogran of 
"Pikes Peak or bust," it'sulted in no 

important Oi&cov^ies imi »igiuli« 



cunt ratlier because it was the hrst de- 
termiued attack upon the wilderness 
than beeause It bad any direct connee* 
tion with the hlatoxy of Crlpiile Greek. 

It was not until 1874 that the region 

adjacent to Cripple Creek began to at- 
tract tile aftfUtion of iinisjtectors. 

Xto reiK^rt Uiui ^uid imd but^u isimd 
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SOUTH CJlEY£Jiii£ CANYON. 



One of the most romantic w wdl as most beautiful places in the 
region about Colorado Springs is South Cheyenne Canyon, immor- 
talized by Helen Hunt Jackson and for some years the resting place 

of her body. 

This beautiful canyon lies 3 miles southwest of Colorado Springs 
and can easily be reached by trolley or private conveyance. The 



near Mount Piagah drew a number of 
men to tbat locality. A few loose 

frnfrments of ore were picked up on 
the surface, and the Mount Pisfrah 
mining district was organized, but as 
no valuable deposits were uncovered 
the district was crradually deserted. 
There was a brief renewal of activity 
in 1884, caused by thc^ iMportPd dis- 
covery of rieli placer deposits near 
Mount Pisgali, but tlie supposed dis- 
covery appears to have been flraudu- 
lent, and tbe grassy biUa of tbe Orip- 
pie Creek reglOQi now thoroughly 
discredited in the eyes of mining men, 
were piven over to the ^faziug of cat- 
tie. For a long time the only habita- 
tion in the r^on was tbe los boo^e 
of Bennett & Myers's Broken Box 
ranch, which still stands in the south- 
ern part i f t!ic town of Cripple Creek. 
A few prospectors coutioued to work 
la the district and met witb soma soc- 
cesa, but tbe event tbat was destined 
to transform a lonely cattle ranch 
Into one of tlie ^rreatest gold-producing 
districts of the world was the discov- 
ery by W. S. Stratton, on the Fourth 
of July, 1891, of tbe Indcg^denee vein, 
on wbat is now the site of Yidor. 

Notwltlistandlng the fact that many 
minlne' men of f-apital an<l experience 
looked askance at what they rej?arded 
us another Cripple Creek bubble, tlie 
development of flie district was »tra- 
ordlnarlly rapid. Before the opening 
of the spring of 1892 the hills swarmed 
with prosijectors, and on Febniary 26 
the town of Cripple Creek was in- 
corporated. Tbe main route into the 
district at tUs time was from the 
north, by wagon road from Florissant 

Tn the autumn of 1893 the list of 
producing mines included tbe Blue 



Bird, C. O. B., Dead Pine^ Doctor, 
Eclipse^ Elkton, Gold Dollar, Granite, 
Ingham, Logan* Mary McKinney, 
Moose, Mornfno: Glory. IVirtland, 
Haven, Stratton's ln(lei)endeuce, 
Strong, Tornado, Zenobia, and many 
other well-known properties. ( See PL 
XXVIII, B.) 

Tlie Colorado Midland Railway (now 
the Midland Terminal), which con- 
nects Cripple Creek with Colorado 
Springs by way of Divide was com^ 
pleted December 16, 1898, and tbe 
Florence & Cripple Creek Railroad 
was opened to trallu* July 2, 1894. 

The year 1894 i.s memorable on ae- 
couut of a strike, during wliicii the 
miners resorted to arms, property was 
destroyed, and lives were lost In 
spite of these disturbancef? the develop- 
ment of the district made notable 
strides, and the Independence mine in 
I)articQlar, which at this time was <mly 
70 fleet deep, revealed bodies of ore 
that were the marvel of the camp. 

In 189.") the PortlnTi? mine had 
reached a depth of i'imi leei and the 
Independence a tleptii oi 470 feet. Tbe 
Independence was tbe most, profitable 
mine In the district, and Stratton, 
now a ridi man, began to buy out- 
lying property. Considerable excite- 
ment was caused by tbe discovery of 
the remarkably rich ore shoots In tbe 
Moose, Haven, and Doctor mines en 
Raven Hill. About this time several 
of the mines reached water and had 
to begin pumping. 

During* tbe next few years the num« 
ber of pndnebif mines contlnaed to 
Incroase, and in 1900 ttib district made 
!fH maxlmiiin rjufrmt, $18,00(M^> The 
Victor and Isabella mines were li^trhly 
producUve up to 18d6 and 1900, re- 
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THE OLD AND TIIK NEW IN HAILllOADING. 

Tlial lliit U:rm " hahy ruilroud," U|>|>Hi^ in dixisioii lo iIir Dt^iivor & Hio (iruiuln when it was 
(irsl pill in op«;rut.ioii. wuh not iiiunpruitriuti; in shown by a comparison of the iirHt locomotive 
ixacd on the roud with a standard Irci^iit locoinolivi* of the proHcnt day. Photoj^raphs on the 
S4)me Hcale furni.she<l hy the Denver & Rio (irnndi; VVcsU^rn Hailroad. 



t 




CATllEDUAL ROCKS. 

Curious forms which the ^rfi'iil*^ asHunics in weathorinf; are shown in the Calliedral Roc;k», 
which tJie train passes a short dLstunw! wt-st of the summit. These forms are proiluwKl hy the 
BcaliuK (exfoliutionj of the granite in curvi*<l hiynrs res«nihling the layers uu uu ouiuu. 
I'liotogruph furnislied by the Crip(>lo Crock Short Line. 
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A. BULL HILL, CKIPPLK CRKIilK DLSTIIICT 

TluH vi«w in Ihe hi*art of the district shows how ihortMich y Ih** rocWa tu>ur iho Hurfoce have 
Intcn nroHpccted for gold. Most of lh« prottiMHTlH huvu yiitldinl lillln or no return, but 
soino riavo been developed into largo mines. Photograph furninhcd by the Cripple Creek 
Short Linn. 




B. ANACONDA AND M.\HY McKINNEY MLNES. 

There ia etcarcely ruuni belwf^n the mine dumps for the towns in the Cripple Creek district. 
I'hutograph furnished by the Cripple Creek Short Line. 
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GADjon (.see PI. XXIX) is attractive not only on account of the 
beauty of its magnificent gmnite walifi — a miniature Yosemite— but 
also because the cut in the massive granite is the dndiiriiig^ leeord of 
events that took place long before the -white man saw this country 
end in all probability before man existed on the globe. All the 
mountains, hills, valleys, and {dains constitute records of simiUr 
events, but here the record is so clear and distinct that anyone may 
decipher it after he has had a slight training in the alphabet Natute 
uses. 



apectively, aud shipped large quan- 
tities of very xlcii ofe. Four long 
drainage tunnels, ttie Chicago, Good 

Will, Ophelia, and Standard, were be- 
griin about tlils tinip. Another not}i})lp 
event of the year 1900 was the sale 
of Stratton's Independence, the most 
famous mine in the district^ to the 
Venture Corporation (hUL), fit Lon- 
don, for $10,000,000. 

In 1901 the Colorado Sprinjfs & 
Cripple Creek District Railway 
("Short Line") was built Into the 
district About this time many of the 
larger mines, having worked down to 
the water surf;uf» tlctormined by the 
ontflow throuirii the Standard tunnel, 
were again cumpelled to seek deei)er 
drainage. ▲ drainage commiBSlon was 
formed, sobecarlptloiiB were collected, 
and in 1903 the El Paso tunnel was 
begun. Connection was made with the 
El Paso mine, under Beacon Hill, in 
the autumn of the same year. 

Early> In 1903 a strike was ordered 
by the Western FederatUm of Miners 
in all mines shipping ore to cprtaln 
reduction works in (Colorado City, and 
for about two years the district was 
Hie scote of many deeds of vlol^ice. 

With ttie deepening of the mines the 
EI Paso drainage tunnel became in- 
adofiunte, and in May, 1907, the Roose- 
velt tunnel was started from Cripple 
Creek canyon, atxmt 5 mi\i*n Ih'Iow the 
town* at an elevation of 8,068 f^ 
above sea levtd, or 750 feet below the 
Kl Paso tunnel. This tunnel reached 
the porous volcanic rocks and began 
to drain the mines about the end of 
1910. 



The Cripple Creek hills lie near the 
eastern border of a lofty and deeply 
dissected plateau, which dopes gently 

westward for 40 miles from the 
Hnnthem end of tlie Colorado Ranjre, 
dominated by I'ikes i'eak, to the rela- 
tively low hills connecting the Mos- 
quito and Sangre de Cristo ranges. 
The prevailing rocks of this plateau 
jirp granites. fmcisse<?, and schists. 
During Tertiary time volcanic erup- 
tions broke through these ancient rocks 
at several points and piled tuflb, bree- 
der and lavas above the uneven sur* 
face of the plateau. The eruptive 
rocks of the Cripple Creek district are 
the products of one of the smaller iso- 
lated vuicauic vents of this period, a 
vent that erupted phonollt^ a kind of 
rock that does not occur elsewhere In 
this peneral region. The most abund- 
ant products of the Cripple Creek vol- 
cano now preserved are tuffs and 
breccias, which cover a rudely ellipti- 
cal area In the center of the district 
about 5 miles long from northwest to 
southeast and about 3 miles wide. Tiio 
main breccia muss tills wliat once must 
have been a steep- walled cha-sui of pro- 
found depth. From the Conundrum 
mine, on the western slope of Gold 
Hill, to Strattfin's Independence mine, 
on the south slope of Battle Mountain, 
tlie old granite walls plunpe steeply 
down, with slopes which range in gen- 
eral from 70* to vertical and which In 
places actually overhang the breccia. 
This entire southwest contact repre- 
sents !i part of the wall of the great 
pit formed by the volcanic explosions 
that produced the breccia. In most of 
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South Cheyenne Canyon and the form of the mountains in this 
part of the State indioato to the geologist, as already explained, that 
at a time long, long 9^ this part of the earth's crust was much nearer 
sea kyel than it is now. The mountains of Colorado were not then the 
magnificent spectacles they are to-day bat were more like the Ap- 
palachians. Pikes Peak of that time was probably not more than 
6,000 or 6,000 feet above iea level, and the plains reached biiek vomy 



the other parts of the contact the 
walls are also steep. The general con- 
dnslon reached I0 tliat a tremendoiia 
volcanic explosloii blew a great hole 
■ In the older rocks of the platonu. This 
hole was subseriuently filled, perhaps 
partly with the fniprments produced by 
the first explosion, including bits of 
granite and sdilst and pieces of the 
trees that were growing on the plateau 
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groups of closely spaced narrow fis- 
sures (sheeted zones) and are partly 
distributed more or less irregalar^ 
through masses of altered granlts near 

Assures. Neither form of depostt is 

conspicuous at the surfooo, nnd only 
exporlonrpfl prosj^ectors would have 
found them. The gold is present 
chiefly In the pale bras»>yeilow min- 
eral calaveritei a combiiiatioii of gold 
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if*iauu 12. — Sections sbawlng supposed outUne of tlie Cri|>ple Creek Tolcaao. 



at thai tiuio. To thfse materials were 
iiddetl, probably by later oruptions and 
explosions, fragments of phonolite and 
reUited igneous rocks. Finally, as 
Shown in figure 12, a volcanic cone, 
consisting chiefly of fragments of rock 
was built up above the breccia-flUed 
abyss. 

After the eruptions had ceased the 
rocks adjusted themselves to the new 
couditiouM. Cracks were formed in 
them and in these cracks the gold ores 
were deposited by hot ecdutlons diat 
rose from deep volcanic sources. Rain 
and streams jrradually wore away the 
cone and exposed the veins thus 
furnieti, which the keen eyes of pros- 
pectors afterward detected. 

The gold ores of Cripple Creek oc- 
cur partly as narrow veins or as 



and tdlurium, associnte<l with quartz 
and purple fluorite. Native gold is 
rare, except in the upper oxidized 
parts of tlie veins. The ores average 
from 1 to 2 ounces of gold ($20 to $40) 
a ton, but the gold content varies 
widely, and comparatlvdy small bodies 
of very much jricher ore have beat 
mined. 

In this district, as in most others, 
Liie oi*e is not uniformly distributed 
along the v^na but Is limited to what 
are known as shoots and occurs par* 
ttcularly where veins cross one an- 
other. Some of these shoots, such as 
the one found in the Cresson mine a 
few years ago, have been extraor- 
dinarily rich, but the larger mltMa 
like the well-known Porthmd, depend 
mainly upon large shoots of ore vt 
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PII.LAIIS OF HKIlCULliS. 

SouUi Cliryi'iiiK- Cuiiyoii is a ininiaturn YoKOiniti* with mussivi; granite wuUs rising to a )i«;iKht 
of 700 or 800 fwl. This view siiows the road htadiiiK up lo the S«^vi'ii Falls uiui to the 
oriKiiiul KravK of Hfflen Hunt Jac.k.son. Here and tliere the rcK-ky wnlln arc relieved by the soft 
foliuKc of trMrs that i;row in clefts in thu rocks, and the ripplitiK slreurn wanders uIoiik beneath 
a tauKle of shriit>s and creeping vines. Photograph furuishcd by tho Cheyenne Canyon & 
Seven Fails Development Co. 
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SKVEN FMAJi. 

South Chfiyeiitie Canyon ond.s nbruplly at ihn Seven Falls, an tiliuwn in IhLs view. 1'he ruaMon 
for (he deep cuttiii); up lu this |iuuit the preticnce of a zone of crush<Hl rock, which is shown 
on ihi' left. The stream coine-s in from another <lire«Mion where the Kranile is nnissive and has 
mude little headway in entlinK u canyon. Eventnally it will wi-ar away the hard Kranitii, and 
then the Seven Falls will become a scries of cascades or rapids. IMiotOKruph furnished by the 
Cheyenne Canyon iV Seven Falls Development Co. 
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miles into what is now the heart of the mountains, with isolated low 

ranges here and then* projecting above their even surface. Then 
came n rrreat uplift which finally raised the mountains to their present 
positions. On this uplifted mass of rock the streams, on account of 
their increased slope, were very active and at once bep^an to cut deep 
trenches; these in time were widened where the rocks were soft, and 
ilDaiiy all the higher land on the plains was cut away, but in the 

comparatively low grade. Tbe great pendenee mlne^ wbldi made a fortune 
nvmber of v^ns and tbe ever-present 

po«^sibiHty of flndlnp n rich shoot at 
some overlooked junctiou of 

iucoDspicuous fissures has made the 
district a favorite field for lessees, snd 
many prises have been won by men 
working small blocks of ground leased 
from tbeir owners. Tbe great Inde- 



for Stiatton and wliose history consti- 
tutes one of the romances of mlnlnfr, 
is now worked entirely by the leasing 

system. 

The production of the Cripple Greek 
district Is shown by the following 

table, compiled by Clm i lo^ W, Bmdet' 
son, of tbe Geological Survey: 



Gold ami tUver prodmoed la the Chrip^le Creek dUtrid, C&lo^ 1891-1920, 



Ymr. 



'-is. 



1881. 




Ore 
(short 
tons). 



IMS. 



1912. .[.Kwii'/iiv' 

1914: : y.'.vsjJMi 



iSftct^ascv::::: 



&»7, 
716, 
702, 

451, 
Wl, 

r-75, 

7V), 

U17, 
!»■'(!}, 
•MS, 
04.T. 

'.m, 

775, 
448. 



819 
368 
060 

082 
173 
670 
'Ml 

m) 
S2n 

m 



Lodo Rold 
(value). 



li,n;to 

507, S51 
2,()21,()S8 
2,<ilS.:!S.H 
ft.UH), I 'M 
7,4Vi, \m 

10, i:U,K5.5 
l i, 507, 349 
l*4,()oS,.VU 
IS. 140,645 
!7,2:<4,21)1 
hi,iW:',41(i 
11,840,272 
14, 466,636 
15, fill, 754 
13,&30,o26 
10,370,384 
13,031,917 
11,166,227 

11, W2,25.{ 

io,5fi2,rv):{ 

ll,(Nt>*,3<i2 

10. ms, 003 
u,!«w, iir> 

13,(IS3, I'M 
12,11*J, 5.V) 
10,391.^7 
H, lilt, 747 
6,827,816 
4^323,806 



311,474,373 



Silver. 



(fllU! 

ouiices). 



I 



Vahw. 



5, (>.so 
25, 335 
tW, 42S 
G;<,617 
59, S7U 
67,799 
82, 2!>".> 
so, 7y2 
S9, 5(H,) 
62, 7H0 
41,605 
47,8J7 
66»961 
07,048 

51 . fm 

52,270 
(S3, 204 
M, 26;< 
57, 7S3 
fi<),117 
71,349 
S9,05fi 
S7, 767 
7<.», 804 
6 4, 568 
M, 665 
35,442 
33,788 



1,679,102 



$4, 4:io 
15.9fil 
44, 47S 
43,260 
35,927 
40,001 
49,379 
50, 091 
5;i, 736 
33, 273 
22,467 
27, 734 
34,740 
46,201 
34,076 
27,703 
32,.S6« 
29,302 
30, 625 
40,662 
43, 095 
49,248 
44,49S 
52,511 
5;i,204 
.50,<t4(5 

86,880 



1,066, «G6 



Total 
value. 



fl,930 

657,851 
2,(r25,518 
2,(>}4,349 
6,210,622 
7, 456, 7.53 
10,167,7S2 
13,. 547, 3.50 
16, 107,943 
1^, 199, 736 
17,2S8,030 
16,<)(io,t3$0 
11,862,739 
14,4^i4,270 
15,676,494 
13,976, 727 
10.4OI,.3GO 
13,ai9,G20 
11,499,093 
11, 031,. 5.5.5 
I0,.5a3,278 
11,049,024 
10,948,098 

i2,i>45,:m 

13,727,992 
12,172,061 
10,448,061 
H, 170, 412 
5,867,611 
4,860,828 



312,641,030 



Formerly a considorahlo rnrt of the 
ore from the district was sent directly 
to the smelters at Pueblo and Denv^, 
bat about 96 per cent is now treated 
in mills In (he district, dblefly near 
the town of Victor or in mills near 
Colorado Springs. Xhe common prac- 



tice has been roasting and cyanida- 
tlon, bnt in the modern Victor mill 
of the Portland Gold Miuliiji Co. con- 
centration is effected by flotation and 
the concentrates are treated by the 
cyanide process. 
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bard rocks of the mountains the streams have suooeeded in cutting 
back only a short distance and have formed canyons like that of 
South Cheyenne. At some places in South Cheyenne Canyon this 
backward cutting has proceeded rapidly because the granite is shat- 
tered, bat at the Seven Falls the joints and fissarea in the rock ex- 
tend to one side, as shown in Plate XXX, whereis the stream tumbles 
over a wall of the most massive rock imaginable, and the canyon ends 
so abruptly that it seems almost as if it had been the work of 
man. If the rock were not of this character the stream would prob- 
ably have cut considerably farther back, and in that event the Seven 
Falls would probably have been replaced by a series of cascades. In 
time this cuttin«r will doubtless be accomplished, for the stream is 
nlwavf? nt woi-k — it knows no cessation from its labors — and, although 
tilt- ork of cutting the granite is extremely slow when compared with 
human standards, it is continuous, and if conditions remain the same 
as they are to-day the canyon will be cut far back into the mountain, 
until, in ex'cn more remote time, the mountains tiiemselves may be 
Wei ll ilown and a plain m^y be found where now we have our gi'and- 
est scenery. The rej^ularity and smoothness of the w^alls of South 
Clieyenne f^'anyon are due largely to the massiveness of the granite 
in which the canyon is carved. 

The traveler should climb to the top of the falls, where lie can ob- 
tain a much beliei idea of the ma^rnitude of the tror^rc, and then he 
will doubtless be ini[i( Ihnl to climl) still higher, to Ins[)iration Point, 
which is said to be the spot iiiost beloved by Helen Hunt Jackson, 
the place where she wrote many of her most noted works of fiction. 
One can hardly imagine a more inspiring sight than that of Colorado 
Springs and the broad stretch of plain seen from this point; and 
here, amid the grandeur of the mountains, the romantic imagination 
of so ardent a lover of nature would readily be ({uickened into new 
life. She pays this tribute to Inspiration Point : 

Beautiful cradle of peace! There are some spots on earth which seem to 
have a strong personality about thm— a charm and a spell far beyond any- 
thing which mere material natora^ howevet lovely, can exert; a diarm whlidi 

chamiB like the bratity of a human face; and a spell which lasts like the 
bond of n human relation. In such spots we can live alone witliout being 
lonely. We izo awa.v from theui with tlie same sort of sorrow with which we 
part from friends, and we recall their looks with the yearning tenderness with 
Which we look on the photc^rapha of beloved absent fteees. 

Althoufrh Helen Hunt Jackson died in Calif or jiia, her last request 
was that her body be brought bat k and laid to rest in this spot on 
Cheyenne Mountain that she so dearly loved and that the place be 
marked only by the boulders which nature had provided. This was 
done, and many thousand travelers still visit the *rravc annually 
and pay tribute to the pfted author, thougli her body now liea in 
Evergreen Cemetery, Colorado Springs. 
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If fiM tntvekr vetozna from tiie etstLjoai kte in the aftomocm he 
may see eome of the beauty of the jfiaim as it appeared to her poetie 
imagination : 

Between the pines and the fin are wonderful vistas of the radiant plain. 
Each giiuipie 10 a plctore in Itself— now aa open 8pa<» of dear saany distance; 
wm a belt of oottouwood trees maUiiff a dark-gieen oaate In tbe jeUow dis* 
taoce; aour tbe majestic bluffs, looking still oiore castle-like, framed in the dark 
foreground lines of pine bouj-'lis. \\ e are in sliadow. The sun has set for ns; 
but it is yet early afternoon on the pluiii and it is brilliant with snn. * * • 
Tbe briUluQce slowly lades, and ttie lower sunset light casts suft shadows on 
every moukd and lilll and hollow. Tlie Driioie plain aeema dimpling Mth 
abadowa; each instant they deepen and mare eastward; first reveaUng and than 
alowly biding each rise and fall in the vast surface. Away in the east, sharply 
apainKt tbe sl<y. lines of rocky bluffs glenm wliito ns city walls; close at the 
base of the mountain the foothills seem niuitiplied and transfigured into count- 
less velvet mounds. The horizon line seems to curve more and more, as if 
Bomehow tbe twilight wwre folding the worid up for tbe ni^t, and we were on 
some otttalde shore watching it 

MAIN IiIN£ OF RAILROAD FROM COLORADO SPRINGS 

TO CANON CITY. 

On leaving Colorado Springs the Denver & Rio Grande Western 
Railroad follows down the valley of Fountain. Creek, which is irri- 
gated and under intensive cultivation. For a number of miles Chey- 
enne Mountain is the most conspicuous object on the west (right), 
and the abruptness with whicli ti c mountain ends and the plains 
begin is striking. As explained before, this abrupt junction of plain 
and mountain is due to a great fault, which bounds the mountain 

w. C. 



Che/enne Mtn. 




FlGUUK 13. — Section showing fault at foot of Chcyennt- Mountain. 

on the east and brings its hard rocks into <ontact with thr soft, 
flat-lying rocks of the plains. (See fi^. 1^5.) CoTisequenilv tin lo me 
no hard sandstones to form foothills, as there are about Mamtou and 
many other places along the Front Kange. 

The railroad continues its southerly course down Fountain Creek, 
nnrl the traveler uhose destination is the Pacific coast or some inter- 
liiediate point is apjiarently ^^eltinL'' no nearer his debliruiuon than 
he was at Denver or Colorado f^prings. He may have wondered why 
it is that the Denver & Kio Grande Western, an important link in one 
80697^—22 6 
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of the great transcontinental railway systems, should, after flterting 
from Denver, go due south 119 miles, to FUeblo, before attempting 
to cross the mountain range in a westerly direction. It ht generally 
assumed that the road was built southward in order to reach the 
vaUey of the Arkansas and that this valley affords the best route 
through the mountains. This can hardly have been the reason for the 
southward extension, however, for other roads cross north of Pueblo 
and Canon City, and hence there must have been some other reason 
for the course pursued by this road. The explanation of this southerly 
course is bound up in the general railroad history of this mountainous 
region, a brief account of which is given in the footnote below.^* 



"Considerablo dlfTiculty was ex- 
perienced in the early days of Colo- 
rado in getting moneyed men inter- 
ested in the constmctlCKi of railroads 
In or across the mountalna, but by the 
persistent efforts of those wbo had 
become identlfled with the movement 
to develop the natural resources of 
the State eupitul was obtained and 
the building of railroads was begun. 

The Deurer & Rio Grande Railroad 
was incorporated October 27, 1870. 
Tlie Icnrling spirit in the orpraniairUm 
and building of the road whs Gen. 
William J. Palmer, a Phlladelphlan 
by birth, who had received hfs early 
railroad training on tlte Pennfl^vania 
Railroad Tinrlcr the presidency of J. 
Edpar Thouiiison. He serveil with 
distinction in the Civil War and 
earned the rank of brigadier general 
in the Army of the Tennessee under 
Gen. George TT. Thomas. Upon the 
conclusion of the war he hocamp man- 
aging director of tht* Kansas rncific 
Railroad and was placed in charge of 
the construction of tlie last division, 
extending from Kit Oarson to D^- 
ver. Here he accomplished the al- 
most impofjsihle task of hviildlng 150 
miles o£ railroad in the same num- 
ber of days without having materials 
of any kind to begin with. It la 
doubtful If this record in railroad con- 
stnictlon has over been pqiiale^l. When 
this road was completed, Gen. Palmer 
became Interested in the mountain 
region of Oolorado and, lU^e the true 
eoipire builder (hat he wss* tonww 



wonderful T'^^^^'ibilitlcs in creating a 
system oi trunsiiortatitMi that shmiM 
cover the entire region. lu speaking 
of him, WiUlam J. Beyers, founder and 
for a long time edit»r of the Ro^ 
Mountain Newa, says: 

"The I>enver * Rfo Grnnde Rail- 
road, with its niiiiicroijs hranchcs in 
the uumiitainij, was Gen. Palmer's con- 
ception. It was a comprehenfliTe 
scheme* by many regarded as ntopian, 
because it contemplated the construc- 
tion of hundreds of miles of railroad 
througli a country practically unin- 
habited and generally considered unfit 
for habitation. Aside from a few 
white settlers at Pueblo, small Mexi- 
can settlements at Trinidad, a village 
of pioiic+Ts at Citiorado <'ity, s'lnall 
bands of Cheyenne and Arapahoe In- 
dians, and scattered settlers at some 
other points, there were not enoosli 
inhabitants for the nucleus of a com- 
munity anywhere on the proposed line. 
But Gen. Palmer's prevision pene- 
trated fartlier than the vision of 
others who looked with doubt and sus- 
picion on Uie enterprise. He proposed 
to lay tribute on the hidden treasures 
of the mountains and to stimulate pro- 
duction of tlie precious metals by af- 
fording facilities for shipment and to 
encourage the fanner and ranchman 
to occupy the plains fbr the purpose 
of agriculture and stock growing by 
affording the means of quick trans-* 
portatlou to distant markets. It was 
gigantic, a daring proposition, but not 
Tlsiooazyt fbr the man who conceived 
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Near mileport 85 ih» Santa Fe Bailway croflBes tlie Dmw & Bio 
Graode Western by an overhead bridge, and a short distance farther 

on it crosses to the right bank of Fountain Greek. 
Fonntain. Three miles below the overhead bridge is Fountain, 

pipuuuon 595^ laigest village in the southern part of El Paso 

oenTerssiBUei. Countj. The lower part of Fountain Creek valley 

is not particularly interesting to the traveler. There 
is little or no irrigation, and succees with dry-land crops depends 



ft was nhlp to procure the necessary 
capital to complete the undertaking. 
No single agency has done more to 
estabUdi mtnlns canqis and <9en valu- 
able mines in Colorado than the pro- 
jection nnd completion of this vast and 
complex system of momitain rail- 
roads." 

In 1870 only one road, the Union 
Padllc, had been built acroas the cm- 
tinent, and Uils road waa north of 

Colorado, where the low pHsstes pre- 
sented no great difflc^ities. Gen. Pal- 
mer's scheme was not to build an 
east and west line but a north and 
■outii one. As stated in tbe first an> 
nnal report of the board of directors : 

"The idea of a norfh «nd ^onth 
railway, following the eastern base of 
the Rocky Mountains from the prln- 
dpel dty of the new West— Denrer— 
southward to Mexico, arose from a 
convictfon that this belt of country 
had «'si>ccial advnntncres in its loca- 
tion, climate, and natural resources." 

It was urged that a railroad in this 
direction would traverse a belt of 
country having an excellent cU- 
mato and wpII watered hy mountain 
.streams; that it would be closely ad- 
jacent to the motm tains, which contain 
sliver, gold, lead, copper, lion, and 
other metals, as wen as abundant sup- 
plies of timber for Tnannfartririnp and 
construction ; that it would tap sev- 
eral fields of coal well suited for mak- 
ing steam and for general manufta> 
torlng; and lasdjr, that It would con> 
trol the freight business in this Iso- 
lated f territory and would levy tribute 
on any east and west road that might 
be constructed through it 



The main line of the IVnver & Rio 
Grande, according to <ien. Palmer's 
scheme, was to extend from Denver to 
PneblOb thence up through the **Big 
Cafion '* (RoTal Gorge) of the Arkan- 
sas to Salida, thence southward 
through Poncho Pass to Alamosa on 
the Rio Grande, and thence down that 
stream to El Paso and on to Mexico 
CUty. A loop was to extend south of 
Pueblo through I^a Veta Pass and 
connect with the other line at Alamosa, 
and still another line was to be Iniilt 
through Raton I'ass south of Trinidad. 
Branch lines were projected Into the 
mountains at many poittt8» two of 
which had Salt Lake City as their 
ohjective. A map of the system as 
originally planned is given in Plate 
XXXI. 

Gen. Palmer was a great bellem In 
the economy of construction and opera- 

ti'Mi in n mountainous coHTitry. of a 
narrow-trajre road, so after careful 
consideration and investigation of such 
roads abroad, a 8>foot gage was de- 
cided upon for the new road. This 
did not meet with general approval, 
and for a long time if was referred 
to as the "baby railroad," a name 
which seems singularly appropriate 
when the rolling stock of that day is 
compared with the rolling stock of the 
present time. (See PI. XXVII, A, 
p. 48.) 

Track laying was begun at Fifteenth 
Street in Denm on July 27, 1871, 
and the road was completed to Oolo- 

rado Springs, 75 miles away, by Octo- 
lior 21 of the same year. Construc- 
tion wa*? ptisber! '-•mithwrtrd rapidly, 
and the road reuciied Paebiu June 2&, 
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Biittes. 



upon the amount of precipitation, which, according to the Weather 
Bureau, is only about 11.6 inches annually. In time of drought the 

valley is brown and desolate, but when showers are 
abundant all the plains are green and smiling. On 

^7er oVmUer**^ » <^^^^ ^ t»Teler may obtain glimpses of the 

distant mountains. Toward the northwest he can 
see Cheyenne Mountain, dominated by the towering sunmiit of Pikes 

Peak, fading into the blue and hazy distance; on 
the west he may be' able to distinguish the outline 
liluvJr u^rifer*' of tho Wet Mountaius, showing faintly in the dis- 

tance; and far away to the south he may catch the 
faint blue of two pealn which are conomonly known as the Spanish 



1872. It is intcrpstinj; to note in 
tlie iirst r^)ort of tbe company that 
an estimate of the i»aflBeD8er trafllc 
between Denver and Colorado Springs 
(tben JuBt organised) was IB pecsonH 
each way daily. To-day the road 
bandies during the summer iseai-ion an 
average of nearly 1,500 persons a day 
betwe^ these placet^ to aoy nottifng 
of those who travel over the Santa Fe 
anri the CJolorado & Sonthom rail- 
roads. 

As the road needed fuel, and as it 
had not penetrated any field of coal 
suitable for nee In locomotlyes, a 

brauch line was built up the Arkansas 
Valley to Ihe coal field near Florence 
in the saino yoixr (1872), and this line 
waK extended to Cauou City in 1874. 

In 1872 negotiations were and^^ 
taken with the Mexican GoTemraeat 
for the extension of the Denver & Rio 
Grarxle Itailrowd to Mexico City, but 
they were not successful, thougli later 
the plans for this extension found ex- 
pression in the Mexican National Rall- 
way. 

By the time tbe Rio Grande road 
reached Pnehlo, the Arkansas Valley 
began to attract the attention of other 
railway companies, and many plans 
wne c<mcelTed to bnlld railroads, hat 
nothing came of them, and tbe Rio 
Grande was left In supposed undis- 
puted possession of the fleJtl. A little 
later the Atchison, Topelia & 8auta Fe 
Bailway, a Boston corporation widi 
apparently onlimited capital and 



enerjry, entered this field without re- 
gard to any assumed prior rights ot 
the Denver ft Rio Grande. 
In 1812 the Santa Fe was in open* 

tion as far w^ as Fort Dodge, Kaos., 
and u subsidiary of that road, the Kan- 
sas & Colorado Iluilway Co., was in- 
corporated to build a line up the 
Arkansas Vall^. It was andenrtiood 
that the tenta Fe imposed to niakB 
Pueblo the principal commercial center 
of the mountain rei?lon and to build 
several extensions beyond Pueblo, 
especially to Canon City and throos^ 
the Royal Gorge to the mining csnqis 
in the mountains, as weU as to Denter 
and other plnrv^ »long the mountain 
front, li was rumored that the Santa 
Fe was heading for Raton Pass, south 
of Trinidad, whidi was claimed by the 
Rio Grande as a part of one of its 
southern routes. All these plans 
threatened seriously the very existence 
of Uie Denver & Rio Grande, wliicii 
accordingly made preiiarations for a 
rigorous defenitfve campaign, Imt tha 
panic of 1873 8tO{iped nearly all cm- 
stnictiot) work on the Rio Grunflp 
well as on most other roads in tbe 
country. 

Four or Ato years later, as coofr 
deuce was restored and money became 

plentiful, work was pushed ahead on 
all the lines entering the Horky 'Moun- 
tains. The lUo Grande rwiumed work 
on one of its branches through La 
Yeta Pass into San Luis Park, fssch* 
log Alamosa July 0, 187& 
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Peaks but Trhich mi<^ht more properly be known by their poetic 
Indian mme Wahatoya (meaning twin breasts). 



The first Indication of ftn actual 
clash between the rival roads occurred 

in Pebrnary. 1878, when the Santa 
plott(»(l i (> occupy liaton Pass, through 
which oue o£ the surveys of the Rio 
Orende had been nm and whidi was 
tbeieftire ptacdcally occuptod by that 
road. Hundreds of mon nml teams 
were suddenly mshed into the pass by 
the Santa Fe, which built its line 
through the pass before the Rio 
Grande could etop its progreea. Thle 
Bodden move created eonsternatioD in 
thp offlcos of the Rio Grand<», ntirt for 
a time it seemed impossible to avoid 
armed conflict. Although much bad 
Ming waa created hgr thia acHoi^of 
the Santa Fe no actual bloodshed oc- 
CDired, and that road waa allowed to 
retain possession of the pass. 

The great contest between the two 
systems, however, wtt« that for the 
right of way through the Royal Gorge. 
Aa the Santa Fe had been sacceBsfnl In 
Its sadden iuove in Raton Pass, it 
planned a similar attnol? on the Royal 
Gorge before tlie lUo Grande had time 
to defend its own property. The Rio 
Grande^ bowerer, had pocnesslon of the 
telegrapb lines and so was apprised 
of the proposed attack. Aecorrtfnply, 
the Rio Grande phmneil as a defensive 
measure to be^^iri grading in the Koyal 
Gorge on April 20, 1878. The gen- 
eral manager ot the Santa Fe heard 
of this plan and wired an engineer at 
I.a Junta to proceed to Canon City 
immediately and occupy tiie canyon 
before tlie Kio Grande forces ap- 
peared. Tlie engineer arrived at 
Pacblo at 8 o^dodc on the morning of 
the expected move. He tried to char- 
ter a train on the Rio Orande to f nrry 
him to Canon City but of course was 
refused; then be hired the best horse 
ha eoold obtain and started at break- 
nedc epeed to ride to Canon City, 45 
miles distant. He hn l to reach the 
canyon beforr- the engineers of Jh«» Itio 
Grande, so he i^urred his horse to 



top speed, but when he waa withUi 8 
miles of his deatlnatlon It fell dead. 
The engineer ran on Into Canon City, 
niised a force of several hundred men, 
Iiroceeded to the mouth of the cauyon» 
wMcb ia admirably salted for sncfa a 
porpooe <PL XXXIII, it, p. 71), and 
fortified his position before the Rio 
Grande force appeared. Tl>e ease with 
which the engineer of the Santa Fe 
raised a force of men at Canon City 
waa doe to the flict that the Bio 
Orande had become very onpopnlar 
through Its autocratic habit of ijmor- 
iiig the wishes of tlie citizens of the 
region, so the i)eopie were glad to have 
uu opix>rtunity to assist the Santa Fe 
in ordw to ** get even '* with the Bio 
Grande. 

The Santa Fe was operating through 
a subfTidiary corpomtitm, the Canon 
City & San Juan Co., which had a 
charter tar a line in the <!«nyon ez- 
tending for 20 miles itom the lower 
entrance. Both road.** had graders at 
work in the canyon, and it is not sur- 
prising that tights were frequent and 
that many men were arrested. The 
Santa Fe obtained an Injunction re- 
straining the Rio Grande from con- 
tinuing its work, and tire Hio Grande 
obtained one preventing the Santa Fe 
from grading any more of its road- 
bed. Aboat the Mat of May. 1878, the 
cases came np before Jnc^ Hallett, of 
the United States court at Denver, 
h\if the indge postponci! thein and in 
ihe lueantime enjoined both parties 
from working In the disputed section 
and placed each nnder a bond of 
$20,000. 

On June 1, 1878, Federal Judges Hal- 
lett and Dillon rendered a concurrent 
opinion that the Sauta Fe (Canon City 
& San Jnan Oo.) be permitted to re- 
snme grading in the canyon nntil the 
ca.se could be more thoitnighly ex- 
amitUHl in July. The c?!«<e was ably 
arCTied in July by botli sides l)ut was 
agulu postponed. On August 23 
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As the train approaches the point where i ouiiLuin Creek joins 
Arkansas Kiver the traveler is made aware of the presence of Pueblo 



Judee Hallett handed down a decttfon 

wbleh granted to the Cauon City & 
' San Juan Co. (Santa Ve) the right 
to construct its line as surveyed — up 
the gorge for 20 luileH. The Bio Qrande 
was restrained from Interfering In any 
way with this woKk but might proceed 
(if it could do so witliout Interfer- 
ence) to build a parallel line, nnA if 
it became necessary might, on applica- 
tion to the court, be allowedt to nae 
the tracks of the rival road. 

The Itio Grande appeaUnl from this 
decision to the Supreme Court of the 
United States and l)e>?an construction 
above tlie 20-uiile limit of the Santa 
Fa, bnt as its Unandal condition was 
desperate and as it had been d^ied 
the right to the Rojal Oorffe tliere 
seemed to be no other course but to 
bow temporarily to the stronger road. 
Accordingly, on December 2, 1878, the 
entire Bio Oiande system, emhradng 
337 miles of road^ was leased to the 
Santa Fe for 30 years, the Santa Fe 
engaging to proceetl with tlie work of 
constructing the line tlirough the can- 
yon to Leadvllle while awaiting the 
decision of the United States Eniu'eme 
Court. Although the lease was rati- 
fied by the stockholders of the Rio 
Grande, it was ratiiied under pressure, 
and from the beginning it was a con* 
stent source of irrltatioiL 

As soon as the Santa Fe <d)tained 
control of the Rio Grande it proceo<led 
to carry out its plan of concentrating 
busiuesii at Pueblo, and in doing it 
need the Bio Grande merdy as a 
feeder for its main line^ Ttiia policy 
naturally aroused the opposition of the 
old officers of the Rio Grande, and 
charges of irregularities by both com- 
panies were freely made. The Rio 
Qrande officials vr&e trying In every 
way to find some valid reason for al>- 
rogating the lens:o, which had become 
to them almost intolerable. 

In tlie spring of the next year (1879). 
the great struggle for the posMS- 



slon of the Boyal Gorge was tesnmed. 

Armed parties from both sides re- 
entered the canyon in anticipation of 
an early decision of the Supreme 
Court. In April the Bio Grande peo> 
pie, eooispeiated to the fighting point* 
began preparations to retalte and hold, 
at the muzzle of the rifle if neces'^nry, 
the eiJtire system, which they claimed 
was being operated in violation of the 
principal condition of the lease. The 
Santa Fe learned of this contemplaftwi 
ActUm and issued strict orders to its 
men not to obey any instructions or 
orders except those of its own officers. 
There was trouble, however, at sev- 
er^^ Iteces along tiie line; stations 
were broken Into and conaldmable 
property was destroyed. 

While the Rio Grande and the Snnta 
Fe were waging their contest over tlie 
occupancy of the Boyal Gorge, C9on> 
grass passed an act which specified, 
amon^' othtf tilings, 

" That any railroB<l coftipany whose 
right of way, or whose track or road- 
bed upon such right of way, passes 
thPOQi^ aay canyon, pass, or defile 
shall not prevent any otlwr railroad 
company from the use and occupancy 
of the said canyon, pass, or defile for 
the purpose of its road in common 
with the road first located." 

This act was approved Uaveh 3» 
1875. On May 6, 1879, the Supreme 
Court of thn TT?iite<1 sriit'"^ roiiHcrcd a 
decision whicli aavc to tiie Kio Urande 
the prior right to construct its road 
through tih» Beyal Gorge according to 
the first survey made through the 
canyon in 1871-72, but in accordance 
with the law of IST.'^, quoted above, it 
recognized that tiie Suuta I'^e could not 
be prevented from building a line also, 
and where the canyon la too narrow 
for both roads from using tiie tracks 
of the Rio Grande. Although this de- 
cision was a victory for the Rio 
Grande, this road luid not succeeded in 
having the lease annulled and was in 
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by the pall of smoke that overhano^s this " Pittsburgh o£ the West," 
as liie citizens like to have it called. Pueblo lii essentially a muiiu- 



the anomalous posttion of having the 
first rij-'lit to the cnnyon but being 
estopped from occupying; the roadbed 
on the uorth side of the canyou that 
luLd been graded by tbe Santa Fe and 
of baving its wbolft system under 
lease to the rival road. 

WTiile these points were being con- 
sidered, the attorney general of the 
State entered a suit to enjoin the 
Santa Pe from operating a railroad 
in ttw State of Colorado. Thle case 
■was hoard by Judm- Tlnwen at the 
obscure town of Sau Luin, in Costilla 
County. Judge Bowen enjoiued the 
Santa Fe from cqperatlng tbe BJo 
Grande Bailroad and from exeietalng 
corporate rfghts within the State. This 
decision gave the Rio Grande oppor- 
tunity to regain control of its own 
road under judicial uutliority, and 
accordingly the ihenf&i of the coun- 
ties in the State ware instructed to 
take possession of the property and 
turn it over to the Rio Ci ande officials. 
Wild rumors were alloat that the Rio 
Grande had organized lighting fcMTOes 
that were attacking the S^nta Fe men 
at several points along the line. The 
offices of the Santa Fe at Denver wero 
broken open and oeciiplert by Rio 
Grande men. The governor was pe- 
titioned to call out the militia to stop 
bloodshed, hut he left the matter en^ 
tlieiy in the bands of ilie sberifliB of 
the counties. 

CrMinspI for the Santa Fe appeared 
lu liie Federal court at l>enver and 
moved to qmeSk the "Bowen Injune- 
tloD." In the meantime the Bio 
Grande had retaken most of its sta- 
tions, offices, and rollinfr stock. Grciit 
excitement prevailed, and some blood 
was shed. On June 12, 1879, Judge 
Hallett declared Judge Bowen'a de- 
eialmi to be null and void, and on June 
28 he decided that the Rio Grande luul 
unlawfully retaken iiroperty and 
should immediately restore it to the 
»Santa Fe ; theu« if the Bio Grande so 



desired, it might institute procesdingp 
for the caneellatiori of the lease. He 
al5«o decided tliat tli«' Rio Grande 
might take iiossession of the narrow 
part of the Boyal Gorge by paying to 
the Santa Fe the coat of conBtructloo. 
On July 14 the Federal court ordered 
all work stopped in tl-'^ f HTiytm pinul- 
ing au examination by a coniuiit^.siou of 
engineers to determine the cost of cou- 
stroctlon. WhUe tibese court inrocee^ 
ingB wexe in progress the Bio Grande 
lengineers erected fortifications and 
stopped llie Santa Fe grjider.s at tlie 
2i>mile limit specilied iu their charter. 

On January 2, 1880, the Federal Su- 
preme Court rendered its long-ex- 
pected decision as follows : 

"That from the moutli of the can- 
yon to the uioutli of tlu- South Arkan- 
sas Kiver [SaUdaJ the Rio Grande 
was to take and bold the prior right 
of way : that It mlf^t take the roadr 
bed of the Santa Fe in that part by 
paj'infj for it at tlie rate determined 
by the commissioners; when paid foi;, 
all injunctions and restraining orders 
to be dissolved and set atdde, and tbe 
Santa Fe was perpetually enjoined 
from interfering. From South Arkan- 
sujs River to Leadville the prior riglitg 
belonged to tbe iSanta Fe by reason 
of prior location/* 

SoMi after this the long fl^t be- 
tween the two railroads was terml- 
nntwl by a coniproniise ay:reenieut in 
lioston by wbicii the Rio Grande was 
not to build its oontemphited line to 
Bl Paso, Tex., nor its proposed line 
eastward to St. Louis, the Santa Fe 
was not (o build to Leadville. the lease 
was to becauceletl, and tlie Rio (Iranile 
was to pa^' the Santa Fe lor all gfiiti- 
ing It had done in the canyon. Thus 
ended one of the longest and most bit- 
terUv contested railroad wars that were 
ever fousrht in this conntry. In the 
legal l>attles .some of the mo.st noted 
lawyers of the West were employed, 
and the ei^coujDters ii^ tbe field were 
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Klnv:itSon 4,668 feet, 
PopulatloD 43,050. 
D«DT»r !!• iDllet. 



f acturing Qpmmnnity and is the UrgMt town of this kind in tha 
Bod^ Mountain region. Indeed^ it is generally considered the 

greatest manufacturing center between Miasoori 
River and the Pacific coast. Pueblo is in the Ar- 
kansas Valley,*** which is well watered and capalle 
of supporting a large population. Already the 
Talley is well farmed, but with the conBtructiQn of 
storage reservoirs to hold the water in the upper courses of the river 
and deliver it as it is needed below for irrigation the valley would 
support many, times its present population. Pueblo has abundant 
railroad connections, both for tlie receipt of crude material to be 
manufactured and for the distribution of the manufactured products. 
Coke can readily be obtained from the Trinidad field, on the south, 



marked l).v deetls of lieroLsiu and blood- 
shed that were worthy ot a better 



ThvA we see that the Daiyer ft Rio 

Grande, origrlnally pinnned as a north 
and south lino, was (■oiupellod to be- 
come an east and wewl line, much tu 
Its ultimflte advantage, and although 
it made a most vlgoroQS eOort to reach 
the Tlio Hrunde with Ita main Une^ it 
ffi!lf '1 to do so. 

After the compromisi' consu uctiou 
was carried forward rupidly, and the 
narrow-gage line reaclied Leadvllle in 
Jnly, 1880. The first line acTOBs the 
Continental Divide — the line over Mar- 
shall Pass — was t'oniplele<i to (lunni- 
SOD in August, 1881. The line over 
Tennessee Paee— the iweoent main 
Itne-HRras completed in the following 
year. Thp line from Marshall Pass 
wf!s pn^'htMl westwflrfl. TPnclinit': Grand 
Junction in November and tlie Utah 
State line in December, 1882. 
' About this time the Pleasant YaHey 
Railway ot Utah, extending from Provo 
to Clear Creek, was purchased hy Gen. 
Palmer and the Denver & Rio (irande 
Railroad and extended eastward to the 
Colorado line tinder the name Rio 
Orande Western Railroad. This made 
a tiirough narrow-gage line from Den- 
ver to Salt T.ake City, which was 
completed to O^rdeti a yeiir later. The 
laying of a third rail to give standanl 
gage between Denver and PoeMo was 
completed on December 28> 1881, and 



the main line from Denver to Ogdea 
was changed to standard gage by tlie 
autnnin of 1890. 

Several of the brandi lines of this 
system arp still narrow g^ge, and the 
traveU^r who wishes to see Marshall 
Pttbtj and the liiucii. Canyon of the 
( jonnison will haw ample (^mortonlty 
to compare the narrow, cramped cm 
and small engines of the narrow ga^ 
w ith the modem eQttipmeQt of a staaU- 
ard-gage line. 

Recently the company has been re* 
organiaedt and the name DeDver k 
Rio Grande Western Railroad has beta 
adopted for tlie entire system. 

On .lime 3-5, 1921, a succession of 
t\iMxl waves occurred in Arkansas 
River as a result of heavy rains of 
*' doad-biivst " Tioteaoe hi the drahiae^ 
basins of several small streams trilm- 
tary to the Arkansas above or r^^r the 
city of Pueblo. The highest iluod wave 
fxnd the one that caused the greatest 
damage reached Pnelilo - dvrlng the 
evening of June 8, when a stage 0i 
fe<>t above the tops of the levees was 
reached. At this time water 10 to 15 
feet deep flowing through the lower 
parts of the city drowned many people 
and wrecked scores of buildhiga The 
property losses caused by the flood In 
the Arkansas Iliver valley aggregated 
"neiirly $20.(Mni,<w)(). The flood is de- 
scribeti in detail m U. S. GeoL Survey 
Water-supply I'ajier 487, The . 
River flood of June 1921. 
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which is the greatest field of good coking coal in the West, and ( oal 
for iiicl can be obtained from the same field or from the Canon (Jity 
field, on the west. Iron ore is ux alable in southern Wyoming and 

possibly ill other parts oi tlie Diouiitain region, and altogether Pueblo 
is remarkably well located to become a large and prosperous manu- 
facturing city. 

At Minnequa, a suburb of Pueblo, on the mesa to the south, is the 
great plant of the Colorado Fuel & Iron Co. There also are smelters 
. for the reduction of the gold and silver ores of the mountain region, 
as well as other manufacturing plants. Pueblo is the county seat 
of Pueblo County. Here is the State Asylum for the Insane, a 
"palace." for the display of the mineral resouroes of the county, and 
ntuneroufl busiiiess blocks, hotels, and amus^ent parks. 

Pueblo is one of the historic places of Colorado. The first record 
of occupation of this region by the white man is that of the explor- 
ing party of lieut. Zebulon M. Pike, which camped at ^ The Forks,** 
as he called the confluence of Fountain Creek and Arkansas Biver, 
in November, 1806, and built a log breastwork for defense. The 
party made this eamp before they attempted to scale the great peak 
which they saw far off and which is now known as Pikes Peak. The 
next American party to visit the site of Pueblo was that of Maj. 
Long, in 1820. After this time it was visited by many explorers 
and htmters, and James Beckwourth — a mulatto who had lived among 
the Indians— claimed the honor of establishing in 1842 the first 
permanent settlement where Pueblo now stands. Here was built an 
adobe fort, called Fort Napeste, which is said to have been tiie Indian 
name for Arkansas Biver. In 1859 a settlement was begun on the 
east side of Fountain Creek, which was called Fountain City. A 
year or two later a rival town was laid out on the banks of the 
Arkansas and named Pueblo. For a number of years the growth 
of these pioneer settlemmts was slow, and it was not until the 
Denver & Bio Grande Bailroad reached the Arkansas in 1872 that 
the settlements consolidated and began their phenomenal growth. 

On leaving the station at Pueblo the train begins its real west- 
ward journey. From Denver to Pueblo its course has been nearly 
due south along the mountain front, but when it turns v:ost fit 
Pueblo it must travel 41 miles before it again comes to the foot of 
the mountains, for the range that forms the mountain front from the 
north line of the State to Colorado Springs terminates in Cheyenne 
Mountain, a few miles south of Colorado Springs, and here the 
mountain front is offset to the west 26 or 30 miles, to a point west of 
Canon City. This southern range, which is the Wet Mountains, 
continues southward for some distance and dies out, and still farther 
south there is another westward offset, the Sangre de Cristo Banga, 
which extends as to as Santa Fe, N. Mex. 
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The course of the railiuail from Pueblo is directly up Arkansas 
River to its he^idwaters at Tennessee Pass, near Tjeadville. East of 
Canon City tlie riv^r Ims cut for itself iii the plain a valley which 
ran<rL'.s from hiill' ii mile to a mile in width and irum 50 to 150 feet in 
depth. As the railroad is generally only a few feet above water level 
the traveler has few opportunities of seeing the country through 
which he is passing, except at places where the hills recede or their 
height is less than usual. The principal views that he gets will be 
those of the valley bottom and of the cliffs that bound it on either • 
side. i 

The region through which the train is now passing, as well as that 
which it has traversed since it left Denver, was once included in the 
fanciful Territory of Jefferson,^* which was fully organiind and car- 
ried on for a number of years but which failed to be sanctioned by 



"Few persons of the present pener- 
atioii are avvaro tliat a Territory, 
culled the Territory of Jeflerson, was 
organised , In the mountain r^on of 
Colorado and Wyoming at the time of 
the great " rush " to the Pikee Peak re> 
jrion, and that not only was thp Ter- 
ritory orj,'aniz*-(1 hut a .serious attempt 
was made to i)ri;uuize a State without 
the preliminary st^ of paaaing 
throned a Territorial form of goTem- 
ment. Such a statement now reads 
like fiction; but when this attempt 
was made the people were In deadly 
earuMt ai^ imagined that by taking 
Tigorous action tney could conqpel 
Congress to recognlae and legalize 
their action. 

When the Territory of Kansas was 
organized, in 1855, it Included all of 
what is now known as Colorado that 
lies east of the crest of the Rocky 
Mountains. Thus tho site of the city 
of Denver a;? well as all of eastern 
Colorado was williin the jurisdiction 
of the Territorial government of Kan- 
saa The control by that government 
was merely nominal, and as its seat 
was far niT and (Hffa'iilt to readi the 
pcfiple of tiu- mountain liistrlct were 
inc-iim-d to i>ay little attention to its 
authority. 

When gold was reported in tl^e Pikes 
Peak region, late In 1858, the few 
I^oneers here became imbued with the 



Idea that this was the richest part of 
tlie continent and liiat wlieu its won- 
derful stores of the precious metal 
became known people would flodL ben» 
in numbers so great that some sort of 
government other than that afforded 
by far-off Kansas would he neces.sary 
for the prol«x'tlon of life and prop- 
erty. These pioneers, although they 
were hut recent arrivals, did not be- 
lleve in wafting for action hy the Ter- 
riton,' of Kansas or by Congress; they 
prtueetieil to organize a govcrunieut 
which they hoped Congress miglu ap- 
prove and legalise. In the autumn of 
1858 a few men from the settlements 
about Cherry Creek (the site of Dea- 
VLT) assembled for the purpose of cre- 
ating a new State or Territory in the 
Pikes Peak region. This new political 
division was to be considerably larger 
than the present State of Colorado, as 
shown hy the accompanying; sketch 
map (tig. 14), and was to bo called 
Jefferson, in honor of the President of 
the United States, who had been in- 
strumental in executing tbe Louislaiui 
Purchase, which included most of this 
region. This convention met In Den- 
ver City in April, 1859, and passed 
a series of resolutions preparatory to 
the organization of the State of Jeffer- 
son, hoping by this action to start It 
full-fletlged upon its career of state- 
hood. The convention also issued a 
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the United States Congress and consequently never had any legal 
status. The episode is interesting as giving an early indication of 
that "push" which is generally regarded as characteristic of the 
people of Colorado. 



call for a general election on May 9 
of delegates to a State convention to 
organize the State of Jefferson. 

The delegates met in Denver City 
June 6, 1859, and appointed comniit- 



proposltlous to the voters. The elec- 
tion was held on September 5 and 
resulted in the decisive defeat of the 
proi>osal for statehood and in favor of 
a Territorial fonn of government. 
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FiuuBB 14. — State of Jefferson, as proposed In ISCS. 



tees to frame a State constitution and 
to report at an adjourned meeting on 
August 1. Before the time for this 
adjourned meeting the people began 
to realize the great expense of a State 
government, and many decided to favor 
a Territorial form. The result of this 
difference of preference was a com- 
promise resolution to submit both 



On October 3, 1859, a call was sent 
out for an election of delegates to a 
convention to organize the Territory 
of Jefferson. Many of the partici- 
pants in this movement fully realized 
its illegality, so In order to be on the 
safe side they prepared a county 
ticket, to be voted on at the same time, 
providing for the election of officers of 
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In tile disturbance of the earth's crust that produced tlie moun- 
tains the rocks of the plains were thrown into low, broad folds or 
were sharply broken where the stresses were most severe. Folds of 
this kind may be seen by the traveler between Pueblo and Canon 
City, but they are so slight that he can hardly recognize them with* 



Arnpahoo County. Kans., and also of 
u (k'lepite to the Kantias Territorial 
legislature. An editorial in the Uocky 
Moontaln Newt of October e» 18B0, 
Bays: 

" So it goes; cue day we understand 
that we are cut off from Kansas; the 
next we liave cut ourst-lves off and will 
pay no regard to KausaB legislation 
but bave an Independent government 
of our own ; and the very next, when 
there is a chance for a petty office un- 
der Kansas laws, tliore are hnndreds 
ready to enter tlie lists, and before 
their certificatee of election are dry in 
their pockets you will beer them 
lustily advocating ' ind^ieiident gov- 
erninont' and 'let Kanaas go to the 
dogs.' 

"Here we go, a regular triple- 
beaded government machine. South 
of [parallel] 40 we bang on the sUrta 

of Kansas ; north of 40 on those of Ne- 
braska. Straddling: the line, have 
just electeil a Delegate to Congress for 
the Territory of Jefferson; and ere 
long we shall bave In fUH btaet a pro- 
vialonal government of Rocky Moun- 
tahi frrowth and manufacture." 

The eonvenlion assembled on Oc- 
tober 10 and formed a Territorial con- 
stitutlcm, which was ratified by the 
people at an Section held on October 
24. The name Jefferson was retaioad 
for the proposed npw Territory. 

AUhuugh the leaders recogni/.efl tlie 
illegality of their actions, Territorial 
officers and a legitfatnre, the "First 
General Assembly/' were dected. The 
legislature began its first session in 
Denver City November 7, 1859. The 
Rocky Mountain News was an ardent 
suHtorter of the Jeffmm Territorial 
government and in its issne published 
after the meeting of the legislature 
made ttie following glowing prediction 
of the future of the Territory : 



" We hope and expect to see It 
stand until we can boast of a million 
people and look upon a city of a hun- 
dred thonaand souls having all the 
comftots and luxuries <tf tbe most 
favored. Then we will bear Ihe 
wliistle of locomotives and the rattle 
of trains arriving: and departing ou 
their way from the Atlantic and Pa- 
dflc. • • • The ftitore of JeflEer- 
8<m Terrltoxy, soon to be a sovociga 
State, is glorious with promise." 

Tfm first session of the legislature 
was marked by the enactment of many 
general laws and special acts, and tUe 
members seemed to have been imbued 
with the Idea that they were buildlag 
a groat mountain com n ion wealth, but 
in the following year interest In the 
Territorial govemmoit of Ji fferson be- 
gan to wane, as the people realised 
that their efforts were likely to be 
fruitless. Not entirely disheartened, 
Gov. Steele Issued a proclamatimi fi^r 
the annual election of officers iu the 
autumn of 1860, us provided In the 
cimstitutlon, but in Oils proclamatlMi 
be warned all candidates that they 
would be expected to serve without 
compensation. This warning wa;* 
given l>ecau8e of the growing beUef 
that tbe local Territorial government 
would iMt be recognised by Oongress 
and that all a< ts <>f its legislature 
would be declared Invalid. 

The second general ns.sembiy con- 
vened in LHjuver City on November 12, 
1800, but on account of opposition by 
tbe city to the continuatlmi of the 
legislative farce, it adjourned on No- 
v('m»>er 27 to Golden. The principal 
inducement for this action, according 
to the News, was that ''board is 
. olteted at |6 a week— wood and lights 
and ball rent free." The members, 
however, hist interest in its proceed- 
iogs, and aiter 40 days playing at 
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out following closely the rocks outcroppin;[i^ in the cliffs. Thus, a 
short distance west of the station at Pueblo the traveler may notice 
on the south (left) that the cliffs are composed of a dark shale, which 
is the bottom bed of the Pierre shale, of Cretaceous age. A little 
farther along a chalky rock rises from below the river, and the dark 
riiale can be seen only in the upper part of the .cliff, and within a 
short distance it disappears altogether. The chalky rock is the Nio- 
brara, which in many places consists largely of limestone but here 
c<msists mostly of calcareous shale and thin beds of limestone having 
a total thidniess of 600 or 700 feet. Farther west the Niobrara also 
rises to the tops of the cliffs, and near milepoet 1S2, it gives place to 
the Carlile shale, which is about 210 feet thick. Half a mile farther 
on this shale is replaced by a bed of masBive limestone (Greenhorn) , 
which like the others rises gradually westward in a great fold, de- 
scribed below. Below the Greenhorn limestone lies the Graneros 
diale, which in its upper part contains considerable sandstone in thin 
layers. This formation is 200 feet thick. 

The fold in these beds, which is here cat directly through by 
Arkansas River, has lifted them into a broad, flat dome. The center 
of this dama is marked by a thidr bed of sandstime (Dakota), which 
is just brought to the surface near mileposfe 126, but which the 
river has not yet succeeded in cutting through. The rocks dip 
slightly in all directions from this central part If the traveler has 
been following the fonnations from Pueblo he has seen at least 1,200 
ieet of rooks rise from below river level. Originally these rocks may 
have formed a large hill at this place, but the river has kept them 
washed away possibly<as fast as they rose, and to-day, except for the 
dip of the rocks, there is no evidence on the surface of such a dome. 

From the center of the dome near milepost 126 the beds dip up 
the river in the direction in which the train is moving, and they 
disappear beneath the river in reverse order from that in which they 
appeared on the east. At livesey siding the Greenhorn limestone 
ims reached water level. It soon disappears, and then the beds lie 
nearly flat for a long distance. 

All the rocks thus far exposed along Arkansas River except the 
Dakota oontoin marine shells, which indicate that they were laid 



lawmaking the la&t Jefferson legis- 
latare paaBod away. Aecordtiiff to 
a flCateoMBt in Smiley's History oC 

Denver, 

"Jefferson Territory mnde itf* last 
g&sp in June. ISOI. On the sixUi day 
of that month Got. Steelt issued from 
Denver a prodanuitlon aimoaDCiDg the 
arrlTal of Gov. GOpla and the instl- 
taUcn of the GovemmaBt of tbe Terri* 



tory ot Colorado nnder the act of 
Ooogress signed 1»y President Bu- 
chanan Febmary 2S, 1861. « * * 

Thus ended the most Interesting and 
picturesque endf^Hvor of nn isnlnted 
community to establish and maintain 
wlthto itadf a gOTtnunent of and by 
law that the stadent of sdf-gevwD- 
asnt will find in ibe UMpiy of this 
omintry." 
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Swallows. 

Elevation 4,887 feet 
Denver 135 mliea. 



down in €tM sea, uid as tliasB rodm ara widdy distributed tbrougli 
the Umted States and Canada the sea must have cowed most of 
the continent, ox at least a wide azea extending from north to south. 
It oertainly extended esstward into Iowa and westward as far as 
tha Wasatch Mountains, The Rocky Mountains were not then in 
existence, for this .region was occupied by a shallow sea in which 
animal life swarmed, much as it does in the warm, shallow seas of 
to-day, and many of these forms were covered with mud and almost 
perfectly preserved. 

About three-quarters of a mile beyond milepost 183 Turkey Creek 
enters the valley from the north (right). Up this creek there are 

extensive sandstone quarries from which much stone 
has been taken for constructing buildings at Pueblo. 
The quarries are ccmnected with Pueblo by a branch 
railroad* At Swallows the Denver & Bio Grande 
Western crosses to the north side of Arkansas Biver and about a mile 
farther on it passes under the Santa Fe, which a short distance be- 
yond crosses to the south side of the stream. 

West of milepost 142 the railroad crosses Beaver Creek, a large 
stream that joins the Arkansas from the north, and a little farther 
on is the station of Beaver. A short distance to the northwest is 

Beaver Park, which is noted for its apples, cherries, 
and small fruits. The land is irrigated from Beaver 

^^rlL4» mnei!"'* ^^^^^ i*» "ipply of wster from the 

mountains on the north. At Beaver most of the 
formations already described or mentioned have disappeared, and 
the Pierre ^ale lies at the surface. The Niobrara formation rises 

a^ain farther west, and at the towns of Cement and 
Portland it is used ext(>rj ively in the manufacture 
of Portland cement.^^ The first cement mill to be 
seen is that of the United States Portland Cement 
Co. on the north (right) of the railroad, and a mile 
farther on, at Portland, the Colorado Portland Cement Co. has an 
extensive plant on the south side of tho frack. 

A short distance beyond milepost 147 the Denver & Bio Grande 
Western crosses the Arkansas and remains on its south side for 8 
miles. West of Portland the rocks dip gently toward the west, 



Beaver. 



Portland. 

Elevation 5,0S1 feat. 
Population 473. 
Deny»r 146 mile*. 



'PMtland cement Is an aYtifldal 
product conristing of 00 to 66 per ceot 

of lime, 20 to 25 per cent of silica, and 
5 to 12 per cent of oxido of iron and 
alumina, and it has the useful property 
of hardening or " setting " under water. 
It Iff ot^Tious fliat Porflrod cement maj 
Im isaniifiictared itom a vatlety of mw 



matetlals, provldod tlie mtxtnre hM 
the chemical compoaltion noted above. 
The most snccessfal plants, however, 
are those which obtain all the neces- 
sary mw materlnls from the same 
quarry. Thu8, limestone is needed for 
llie lime and a eandy abate for Ibe 
sHlct, iron, and alomlna, but com- 
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the formations seen in die dome below Swallows are all below water 
level, and the surface of the ooimtiy is composed of the Pierre 
shale. This shale is soft and does not form steep cUfb, and eonse" 
qiientlj the traveler here may see more of the surrounding region 
than he could farther east Soon after passing milepost 147 he may 
see far on the right, ii the atmosphere is dear, the summit of Pikes 
Peak, towering hifi^ above the surrounding plateau. The peak ^ 
frequently obscured by elouds which gather about its summit and 
stream off to the east in long banners of misty white. In the sun- 
shine of a clear day it shows yellow or rosy red, but when the evening 
shadows fall or the mountain is partly obscured in the distance it is 
blue and hazy. The mountain is more than 30 miles from this 
point. 

As the harder rocks disappear from view and the softer Pierre 
shale takes its place, the surface of the country becomes more nearly 
Florence Uivel and the hills less prominent. In this shale 

oil was discovered before Colorado was admitted 
p«i»^ation 2.029.^ to statehood. Florence is the natural center of 
0enTer 152 miiea. the oil field, which was developed by sinking a 
great many wells and to-day produces more oil tiian any other oil 
field in the State.^* 

Refineries at Florence convert the crude oil into many marketable 
products. As the train apprnnchp? the town oil-wpH derricks and oil 



monly an impure limestone may fur- 
nish all the mat^als, or. Id other 
words, it may be a natural cement 

At Portland uDd Cement two beds 
of IJmoftonp in tho Niohrnra forma- 
tion are used. One of these beds is 
foirly pure and carries about 88 per 
cent of carbonate of Ume; the oQier 
Is less pnre and contains about 71 
por e*»nt of carboiiato of limp. The es- 
sential proc-e^sH iu the manufacture of 
cement is the formation under Intfflse 
Iieat of a material that has the proper 
chemical composition. First, the raw 
matPiiais mmt be grotind to n fine 
powder, dried, and intimately mixed; 
second, the mixture thus prepared 
must be bnmed at a high temporatare 
nntll it nnites dwmlcally and physi- 
cally Into a cllnkered mass; and third, 
the clinlcer must be ground very fine. 
The fine mixture of the raw materialt? 
is burned in large steel cylindera that 
Ae eilj^tlsr tilted and rotated by- nut' 
chlnny. The fuel generally used is 
powdered coal, which Is forced into 



the cylinder at its lower end. The 
mixture Is fed into tlie cylinder at its 

upper end and in the intense heat of 
the burning coal is fused Into a clinker, 
whicli falls out at the lower end of the 
cylinder. This clinker when gronnd 
very fine forms the Portland cemoit of 
conunerce. 

"Oil was flr><t discovered in the 
Florence ficlrl in 1872. wiicn an nil 
spring was round on what is now 
known as Oil Cre^, a stream that 
enters Arkansas River a few miles 
east of Canon Pity. A small still was 
pnt in operation that year, and the oil 
that flowed from (lie prravel in the 
stream bank was distilled for local use. 
It is said that this sprlner is still flow- 
ing at the rate of abont 20 gallcms 
a day. 

The first deep well wns drilled in the 
field in 1876 and struck oil at a depth 
of 1,187 feet. From this beginning the 
field was developed in and aronnd the 
town of Florence. It extends south- 
ward for about 4 miles and westward 
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tanks may bo seen on l)oth sides uf the railroad. From Florence a 
branch laiii oad turns to the south (left) und runs through the heart 
of the oil field and to Coal Creek, where there are coal mines that 
ship their product both eat>t und west over the Denver & Rio Grande 
Western Railroad. 

Durinpr the early days of mining in the Cripple Creek gold dis- 
trict the entire output of ore was refined at Florence. Nine enormous 
reduction mills were operated in this vicinity until the Golden Cycle 
mill was built in Colorado City, when trouble with labor caused the 
ore to be sent to Colorado City and Denver. The mills continued to 
operate for a number of years but were finally closed. One of tibese — 
a million dollar plant^is still standing on the north side of AAxobbs 
BiTOF about half a mile north of Florence. 

About three-quarters of a mile west of the station the railioad 
crofiaes Oak Greek, and from this crossing the traveler may see off 
to the southwest (left) the distant slopes of the Wet Mountains and 
nearer, but still 8 or 4 miles distant, the white-banded hills that 
mark the outer rim of the Oanon City coal field,'* a basin of Laramie 



for about 3 miles. The quantity of oil 
prodncert in this tieid in 1918 was 
134,805 barrels, and the total quuiitity 
produced sliioe the field was devdoped 
has been more than 10,600,000 banela. 
The oil has a paraffin base and is a 
light oil, yielding a large percentage 
of gasoline. 

The Florence oil field is apparently 
different from any other fl^ In tbifl 
coantry» as the oil is found part way 
down on the east side of a large stme- 
tural bsisiii or syncHno. The oil does 
not cowe from s^inds, as the drillers 
call any coarse-grain^ rock that ear* 
lies oil, bnt from the fine Pierre shale. 
It does not, u r vover, appear to be In 
the pores of the sliale but in cracks 
and creviceK. In diillina: wells lii this 
field the tools often drop several feet, 
and sometimes the baller^a long tube 
by which the oil or water Is bailed ont 
of the well — ^has been lost in one of 
these ereviees. Altogether, this field 
is an nnonialy and is not well under- 
stood by geologists. 

Anotiher curious fact is that the oil 
which flows from the spring noted 
abovei as well as ftom others that have 



been discovered more recently, does 
not come from the outcrop of this 
shale but from the Morrison forma- 
tion, which vnderllea the shale and is 
b«ieatli the Dakota sandstone. 

The Florence oil field is the largest 
field of its kind in Colorado and has 
been a steady producer for a lonp 
time. Two refineries are in operation, 
and the oil is piped to the railroad 
from different parts of the field as well 
as shipped In from oHier. fields in the 
State for reflniug. 

"The Canon City coal field is a 
■mall stmctnral basin, or s} ndine, in 
the Laramie formation south the 
Denver & Rio Grande Western Rail- 
road and extends from a point a short 
distance wei^ of Florence to the foot 
of the Wet Mountains. The coal-bear- 
ing beds on the east aide of tbla basiB 
dip westward at angles of 2* to 5* 
except at the northern margin, where 
the dip ranges from 5* to 15". Their 
outcrop here, which is broader than it 
is on the west side, is 2 to 4 mil^ 
wide and abont 12 miles long; It cod- 
tains all the large mines of the fieldf 
eight In number, that ahlp their piod^ 
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rocks which Ike almort entiiely south of the rsUrosd slid whkh 
furnishes fuel for many of the industries of Colorado. At a point 
li miles beyond the station at Florence the Canon City branch of 
the Santa Fe Bailway crosses the Denver & Kio Gh*ande Western 
Bailroad by an overhead bridge. This branch, which is one of the 
principal outlets for the coal of the Canon City field, runs to Bock- 
vale, one of the large mining centers. Just beyond the bridge the 
Chandler branch of the Denver. & Bio Grande Western Bailroad 
turns to the left and enters the same field, for both roads depend 
upon this coal for use in their locomotives, and they also distribute 
much of it throughout the country for domestic and manufacturing 
uses. 

Kear milepost 154 two prominent cliffs may be seen across the 
river. The lower 110 feet of these cliffs consists of dark-green shale 
(the upper part of the Pierre shale), and this is capped by about 40 
feet of massive sandstone. Itiis sandstone may be tlie lowermost 
memBer of the Laramie or it may represent the Fox Hills sandstone 
of the north. Which sandstone it is has not l)een definitely settled. 

Nearly half a mile beyond milepost 154 is Brewster, a signal tower 
at the point where the Santa Fe crosses the Denver & Kio Grande 
Western to the left and continues to Canon City on the south side of 
the river. On the south (left) is the dump of an abandoned mine on 
a coal bed directly overlying the sandstone described above. Old 
prospect entries on the same bed show on the north (right) a little 
farther on, and a quarter of a mile beyond milepost 155 the Denver 
& Bio Grande Western crosses Arkansas Biver and remains on the 
north side to a point b^ond Canon City. 

Just before reaching milepost 156 the railroad makes a cut through 
a cliff of sandstone that projects from the right. This sandstone, 
which dips about 10° S., as shown in the accompanying diagram 
(fijr. !.'>). is the lowest HiiiHlstone of the coal-bearing rocks aiKl forms 



uct l\v rail. The we»t side of the 
basin is formed a Darrow l)elt of 
nearly vertical or overtomed rocks 
less than a quarter (>f n mile wide. 
The coal bwis that at« worked rniifre 
in thickness from 2 to 6 feet The coal 
Is a faigh-i^rade domestic fuel, bituniin- 
oiis and noncoking. The moistore In 
the coal as it comes from the mines 
ranges from to 15 per cent, and the 
heat vnlue ranpes from 10,600 to 
12,000 British tlieriual uuits. 
800i>r— 22 6 



Mining was begun in this field In 
1872 to supply fuel for the locomotives 

of the Denver & Rio Grande Railroad. 
The prodiirtion of the field Krew stead- 
ily, and in tlir Inst four yrars it 
lias averaged aljout 8r)0,(XK) tons u 
year. The total quantity of coal mined 
to the end of 1920 was about 23^00.000 
short tons. It is ( stinmted that the 
quantity of coal still remaining In the 
field in be<ls 14 iru hos or more thick is 
992,000,000 short tons. 
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a part of the 'northern rim of the basin. The younger rocks near 
the middle of the coal field terminate to the eouth in the high ridge 
or escarpment of light-colored sandstone, which is a conspicuous 
fiBature of this field. 

After passing the point of sandstone described above the railway 
runs through a broad valley, which has been cut in the same shale 
as that seoa at Florence. Tliis shale (Pierre) and the soft under- 
lying formations extend to Canon City, and to* them is due the 
breadth of the valley at and below that town. Here, in the valley, 
where an ample supply of water can be had from Arkansas River and 
its tributary streams and where the crops are protected from frost by 

the mountains on the 
west, fruits — particularly 
apples-^are ^own in abun* 
dance. It is said that 50 

FiauBB 15.— Sandstone bed nt baa* of ooal-bearloff percent of the State's apple 
formntlon nt rrosishi^ of ArkansoK Klver nenr orOD is raised in the vicin- 
mouth of Oil Croek. Handntone dioH 80UlhwarU. .. « i-. -^t 

ity of Canon City. Near 
milepost 157 apple orchards can be seen from the train, and they con- 
tinue in almost unbroken masses to Canon City. 

Oil Creek, so named because oil once seeped from the ground along 
its course in Giirden Park north of the railroad, is crossed a short 
distance west of milepost 157. 

About 8 miles up Oil Creek, in an open space at the foot of the 
mountains known as Garden Park, the bones of some of the most 
wonderful animals that the world has ever known have been foimd. 
They were embedded in the Morrison formation, and a large quarry 
was opened for the sole purpose of obtaining them. The skeletons or 
the casts of the skeletons are exhibited in most of the museums of this 
country. The most abundant remains are those of giant reptiles called 
dinosaurs. Many of these animals were 20 feet long and resembled 
no animal now living except possibly the diminutive so-called horned 
toad of Onliforiii:i. Plate XXXTT, .1 . represents one of these lizards, 
called Sfcf/o^anniH^ as he is supix)sed to have appeared when he was 
alive and roamed through the swamps that then covered much of this 
re<j;ion. This particular species was n vefretahle feeder, hut he needed 
protection from other dinosaurs that were carnivorous, so he was com- 
pelled to grow a bony plate of ;u"mor. 

Dinosaurs inhabited the earth during Cretaceous time and con- 
tinued to thrive on into Tertiary time, but I hey finally and suddenly 
disappeared. The last survivor appears to have been TriceratopSy 
shown in Plate XXXII, 5, a skeleton of which was found years ago 
in the vicinity of Denver. 
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A. AN AiniORED niNOSAUH (STKCOSAUHIJS). 

SlRKtituiurua (i>lah-<l Uzurd) livod loit);. Ioiik iM^forn iiinii rxixlcd on thi; ^'lobc;. Hih lK>iic!i wcro 
found in tnn Morrison fonnalion in (InrHen Park. 6 milos north of Cntion City. Tlio 
animal was 20 fwl Iomk. 10 foci UlfiU at (he hips, aii<l prolcctcci from the onNlaiiplits of other 
oc|iinlly iiowcrful but carnivorotiH li/.nrds liy (;ri-at hotiy platns aliiiiK tho hack. Hin food 
coiuiiiitRa of the vt'^ntation that ^rcw on IIir low marshy land of that liriin. 




ji. trici:rat()i»s. the last of thk dinosaurs. 

TricerBlops Cthroo-hornrd tncp) was the laul of tho jrrcal dinoewnrn. Roups of ihls animal have 
heif^.n found in the vicinity of Denver. A mounte<l skeleton in the National Museum. Wash- 
ington, is 20 feet long and R feet high at (he lii|>s. The niuNl fN><-uliar tiling alMHil this animni 
is the f^rcixl hony "frill" roveriuK and protectmg his neck. From painting by C. R. Knighl, 
made under the direction of J. B. Hatcher. 
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Footprints of dinosaurs have been found also in sandstone that 
was then the sandy shore of some lake, or estuary. Plate XXXIII, 
A, shows some of tiiese tracks that were recently found in Arizona. 
Similar tracks were found years ago in the brown sandstone of the 
Connecticut Valley, and specimens may be seen in most museums* 
At first these three-toed tracks were thought to have been made by 
birds, but when the skeletons of the dinosaurs were found it was 
realized that the supposed bird tracks were made by reptiles. 

After crossing Oil Creek the traveler may obtain on the left a 
general view of the mountain front back of Canon City— the moun- 
tains through which the Arkansas has cut its wonderful canyon, the 
Koyal Gorge. In this view the gorge itself can not be readily dis- 
tinguished, for it is so narrow and winding that from no point of 
view can it be seen as an open cut. The low gap that is most promi- 
nent from this point is the canyon of Grape Creek, which enters the 
Arkansas from the south (left) just above Canon City. After pass- 
ing through several miles of apple orchards the train arrives at the 
station of Canon City. 

Canon City is rightly named, for it stands at the month of the 
greatest canyon penetrated by any railroad. It is the seat of Fre^ 

mont County, which was named in honor of the 
Canon City. "Pathfinder," Gen. John C. Fremont, who in re- 
Eievation 5.344 feet tuming from his second expedition in 1842 followed 

Population 4,651. xi_ * i i . • . , i 

DenTcr 160 ndiH. the Arkansas downstream nx>m its headwaters 

until he emerged from the mountains at the place 
where Canon City now stands. The first recorded exploration of the 
canyon was that of Lieut. Pike, who camped with his little party 
near its eastern portal on December 5, 1806, They built a block- 
house of logs on the north side of the river, wandered about in the 
mountains to the north nearly a month, and on their return to their 
blockhouse nearly lost their lives in the Royal Gorge. The next visit 
of which there is a record wrf; that of Dr. James and Capt. Bell, of 
the Lon^ exploration party. On July 18, 1820, these men left their 
camp at the month of Fonntain Creek (Puehlo) and rode up the 
Arkansas to flie foot of the mountains. The seven mineral sprin<^s 
near the mouth of the Royal Gorge were named Bell's Sprinirs in 
honor of Capt. Bell, who discovered them on that trip. After this 
visit the canyon was probably seen by many hunters and trappers, 
for several trading posts were maintained on the river. During the 
" rush " of gold seekers in 1859 and 1860 a town j^prang up near the 
mouth of the great canyon and was named Canon City. T.il^e most 
of the towns of that time Canon City had a varied experience and 
was at times nearly deserted. By 1868 it had achieved some promi- 
nence, and the Territorial penitentiary was located here. The dis- 
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covery of petroleum m the county in 1872 helped the new town very 
much, for thousands of gallo]2S were collected and sold to the people 
of other settlement& Since then its growth has been steady, for the 
climate is agreeable, the region is well adapted to fruit raising, and 
the town affords an outlet for the coal mines to the south. The 
scenic features have heretofore been only slightly exploited but will 
doubtless attract many yisitors. ^ 

The description of the scenery along the railroad west of Canon 
City begins on page 73, 

ONE-DAY TRIP FROM CANON CITY TO THE TOP OF 

THE BOYAIi GORGE. 

The chief attraction in the vicinity of Canon City is the Royal 
Gorge of the Arkansas. The traveler passing over the Denver & Rio 
Grande Western Railroad in an open-top observation car has an 
exceptional opportunity to see this gorge from the bottom, but won- 
derful as this view may be, it does not compare in awe-inspiring 
grandeur with the view of the gorge from above. To obtain this 
view the traveler goes by automobile from Canon City a distance of 
10 miles over one of the most picturesque drives in the country. 
Several years ago a trolley line was graded nearly to the top, but 
the enterprise fell through and at present automobiles or teams form 
the only mode of conveyance. 

The road first climbs to the top of a steep hogback ridge formed 
of the sharply tilted Dakota sandstone and then follows the cresC of 
this ridge for several miles. The top of the ridge is so narrow that 
there is barely room for the road; in fact, the road in many places 
passes beneath great projecting ledges of the sandstone. (See 
PI. XXXV.) From this elevated position one can look down on 
the town and on acres upon acres of orchards to the east and in the 
other direction into the valley that separates the hogback from the 
main mountain. The road finally crosses this valley, climbs grad- 
ually to a high plateau, about 1,S200 feet above the town, and sud- 
denly comes to the very brink of the Royal Gorge, as shown in Plate 
XXXIV, A, When the traveler finally stands on the edge of this 
mighty chasm (PI. XXXIV, B) and gaases down more than a thou- 
sand feet to the raging torrent that rushes through its shadowy 
depths or to the thundering train that wakes the sleeping echoes from 
all its cavernous recesses he can but feel that, thou^ the Boyal 
Gorge may not be so deep nor display so great a variety of colon as 
the Grand Canyon of the Colorado, it has a mas^iveness of wall and 
a steepness and ruggedness that can not be matched even by that 

Titan of chasms.'* The canyon gives one the impression that 
Arkansas River has here acted like a gigantic saw and that what 
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A. TOP OF THE ROYAL GORGK. 

Alter traversing the Skyline Drive liie traveler may turn to the west and climb to the 8iiiniiiil 
of tlie mountain in which the Royal (forge is cut. lie miiy l>e surprised to find that this 
mountain is really a iiluteau and that the uutomohile may l)c driven to the very n\vLc of the 
por^e. Photojrrajyh iiiniLshrMl by the D.-nver & Rio Grande West<!rii Railroad. 




h. RIM OF THE ROYAL GORGE. 

Who can describe the awful grandeur of the cliaton that yawns before the Iravelcr when he 
reachm the rim of the ranyoni' The wallti are nearly sheer for a depth of 1,100 feet, and the 
chasm seems so narrow that he almost believes that he could cast a stone across it. The 
character of the rocky walls i» well shown in Uiis picture. Photograph furnished by th« 
Denver & Rio (iraiidc Western Railroad, 
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one sees to-day is the deep, narrow cut it has thus made. The canyon 
seems no wider than the stream that carved it. In phioes the walls 
overhang, and one must have steady nerves to stiuid firmly on the 
edge and look without dizziness down at a point 1,1^ ^t helow. 

The banding of the granite and the many dikes and yeins that 
cut it, as shown in Plate XXXIV, give a variety of attraotive 
color effects. In phioes the soft layers have worn away until there 
are deep recesses ; in others the massive rock has so well resisted the 
scouring action of the stream that the wsUs are vertical or even 
overhang. 

On the whole, the canyon shows impressively what an active stream 
can do when it is working on highly contorted rocks like gneiss 
and cutting downward only, with little or no broadening. 

The view from the top of the Hoyal Gorge will well repay one 
who is interested in the canyon as a scmic feature for the trouble 
he takes to reach it, and it furnishes the student of geology or 
physiography an almost ideal example of a newly cut goige.^^ 

MAIN LINE OF RAILROAD FROM CANON CITY TO 

SAIilDA. 

As the train leaves the station at Canon City the traveler m the 
open-top car is prepared to see and enjoy to the utmost the magnifi- 
cent spectacle of the Boyal (jorge. This gorge, however, forms only 
a small part, as measured in miles, of the (rrand canyon of the 
Arka"^«, which stretches from a point a mile west of Canon City 



•The Royal Gorge presents to the 
gaologtBt several interestlngaspects that 
lutve a bearing on its htetory or mode 

of orisin and al.>o on the history of 
other fi atures in this n'^rion. The 
canyon, as h&» already been stated, 
was earved In tbe rocfcs by tbe river 
tbat occupies It, but not all riven, 
even in mountain re^ons, have carved 
so deeply. f»o some ^jjorlnf condition 
here iimst have made it oapahle of 
pro<iueiug so immeuse a gorge. The 
condition was either an uplift of the 
land or an increaae In the volume of 
the river, which greatly iucrensed its 
cutting power, hnt as there are otliei" 
eviUeuees of uplift it is safe to as- 
some tbat the cutting o< the Itoyal 
Gorge was made posidble by a general 
uplift of the region. A stream that is 
being uplifted, or rejuvenated, as tlie 
geologist would say, begins cutting in 



Its lower course, and the cutting pro- 
gresses headward, but no matter how 

the cutting took place, the important 
fact is that the stn>ain cuts its^ way 
slowly bur surely into the surface of 
the land, and thixa the bends and me- 
anders that characterized the stream 
when it was llowing^on top of what Is 
now the plateau are perpetuated in the 
canyon. TntfiTiL' hn« not ceased In 
this interesting^ (anyon but Is still 
going on. The stream stlU carries sand 
and hi times of flood great boulders, 
which scratch and grind the roclcs over 
which it flows. To-day it is able to 
reiiiove all these frafrinents of rock and 
its channel is being deepened, but 
when its grade beeomes so flat iAat 
it is unable to carry the sand the cut- 
ting will cea.-^e and the sdeam may 
e\-en fill its bed instead of cutting it 
deeper. 
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we8<;ward to a point about 3 mileB beyond the small village of Coto- 
paxi, a distance of 34 miles. 

On leaving the station the traveler sees on the south (left) the 
station which marks the end of this branch of tliG Santa Fe Railway. 
He is now at the place where the <rreat railroad wnr was wageil from 
1876 to 1879, and after seeinf; the canyon he will understand fully 
that it is hardly possible for two roads to occupy this narrow gash 
in the rocks, and consequently ea<*!) road made its supreme endeavor 
to be first to build thrmijrh the canyon. In the 40 years that this 
road has been in operatujii thousands of travelers from all parts 
of the world have passed through the gorge and have admired its 
awful grandeur. 

About a mile from the station the traveler may see on the north 
(right) die State penitentiary with its well-kept grounds, at the 
extreme farthest point of whicli is Iron Spring, one of the attractive 
features of Canon City. The pavilion that covers the spring may 
be seen on the right, and just opposite is the power plant, which at 
times fills the beautiful clear air with a dense pall of smoke. This 
dense cloud of black smoke should not be permitted, for when the 
wind is from the east it drifts up the track and conceals much of the 
beauty of the Royal Gorge. The rocky ledge that is exposed a few 
feet beyond the spring is the Dakota sandstone, which marks the base 
of the Upper Ci*etacoous series. This sandstone is the most re- 
sistant bed in the series of rocks here upturned, and il therefore 
stands up as a sharp-crested ridge or hogback, which extends for a 
long distance across the valley parallel with the mountain front. 
About 2 miles south of the river there is a great break (fault) in the 
beds of rock, separating those of the mountains from those of the 
plains, and the Dakota hogback ends against this fault. Along the 
aiimmit of the hogback, which in places is wide enough only for a 
road, the famous Skyline Drive (shown in PL XXXV) has been 
constructed. 

From the Dakota sandstone to the mountain front the beds are all 
Steeply upturned, but their position can not be made out very well 
from the train. These beds of sandstone and limestone once doubt- 
less extended at least as far west as Parkdale, and when the mountain 
was uplifted they were bowed up in a great curve, as suggested in 
figure 16 (p. 80), but the streams cut into these uplifted rocks very 
actively and in course of time removed them and even cut down 
hundreds of feet into the massive granite on which they rest. The 
first formation below the Dakota is the Morrison, which forms the 
west side of the hogback. It consists of variegated shale and sand- 
stone, in which green and red beds predominate. It is in this forma- 
tion that the bones of the giant reptile described on page 70 and 
shown in Plate XXXII, ii, were fotmd. 
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West of the outcrop of the Morrison lies a red sandstone that is in 
places at least a thousand feet thick. This san<lstone is particularly 
prominent about Manitou, in the valley of Fountain Creek, and for 
tliis reason is called the Fountain formation. This sandstone is of 
middle Carboniferous (Pennsylvanian) age. A limestone or gray 
and pink dolomite-* about 100 feet thick and a sandstone of about 
the same thickness lie below the Fountain formation. This sand- 
stone rests on the granite of the Front Range. All the rocks below 
the Dakota sandstone are prevailingly red, and this color is well dis- 
played in the valley west of the hogback. 

At Burnito siding may be seen mme of the canals that carry water 
to irrigate the valley below, as well as the pipe line whicii .^ui']iUes 
( aiiun City with water. The pipe line is high up on the north 
(right), and the water is carried by gravity into a settling reservoir, 
which may be seen on a hill to the right. Below the city aqueduct 
is a canal, which is taken by a tunnel through the hogback to irri- 
gate the orchards on the north side of the valley. On the south there 
are two canals, one high up on the hillside and one near the level 
of the river bottom. The liiglier canal receives its water from Grape 
Creek, which enters the river just at the edge of the mountain ; the 
lower one takes water fix>m Arkansas Eiver near the mouth of this 
creek. 

A short distance above Burnito siding the traveler is face to face 
with the imposing portal of the Royal Gorge. (See PL XXXIII, 
B,) On the left is the old Hot Springs Hotel, now abandoned, and 
on the right and considerably above the railroad are some small tun- 
bels through which the city pipe line is carried. The passage- seems 
almost barred by the great slab of gneiss which projects from the 
north: and stands 400 or 500 feet high. The traveler may imagine 
that the train will at once plunge into the shadowy depths of the 
mighty gorge, but after passing the portal he finds that the canyon, 
though rocky, is not particularly rugged or precipitous. 

The observant traveler will soon notice that there is close connec- 
tion between the character of the rock and the shape and narrow- 
ness of the gorge. Where the rock is massive granite cut by few 
joi|Lt planes the gorge is narrow, but where the rock is intricately 
banded and composed of many layers of diverse appearing rocks it 
is wider and the slopes are more gentle. The differences in the form 
and width of the canyon are due to differences in the resistance which 
the various kinds of rock have offered to the cuttang power of the 
stream and to the processes of weathering. 



**A (loiomite Is jicnerally regardful 
as a limestone, but a limestone con- 
siata esMitially of carbonate of limet 
and a dolomite of double eaibonate of 



lime and mafrnesia, contain ins: to G5 
per cent of carbonate of lime aiul '65 
to 45 pear cent of carbonate of mag- 
nesia. 
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Although the rodu throughout the Royal Gorge are in general 
similar, they differ greatly from place to place, their character de* 
pending largely on the crushing stresses to which they have been 
subjected at great depths in the earth. In some places the rock is 
massive granite; it has never been crushed or disturbed in any way. 
In other places the n>ok (probably originally granite, or possibly 
sandstone and shale) has been so squeezed and crushed that it has 
been more or less changed. The minerals of the rock have been 
recrystallized, and in the process of change the crystals have been 
arranged in layers at right angles to the direetion in which the 
force was applied, and the rock has become a o;neiss. In some places 
the process has been carried so far that all the rock material has 
been recrystallized, and the rock has become an exceedint^ly soft 
mica schist, comi)ose<l larf^ly of small flakes of mica, and it can 
be si)lit like a slate. The structure is fomplicated also by dikes, 
which cut across the other rocks, or irrc!.nil;i r intrusive masses which 
here and there break np the regularity of tlie banding. Tn places 
veins of quartz have been depo^itcfl from mineral-beiirino: waters 
that slowly circidnted through open tissures. Fiimll v all these masses 
have lieen tui-ned and twisted, folded back upon tiiemselves, and 
broken, until the result is a structure which is complicated almost 
beyond description. 

As the train moves on the canyon walls frvow higher and some- 
what steeper, and through a side gulch here and there the traveler 
may catch •glimpses of the most rugged towerin<i; j^iinnacles. Such 
a view may be obtained about half a mile above milepost 1G4, up 
a siiiaii canyon on the right to a wall of massive granite that stands 
at least 1,000 feet high. 

At the abandoned station of Gorge the Royal Gorge really be- 
gins. Below this point the railroad has had little difficulty in find- 
ing a passage, but immediately above the old station 
the walls close in until the stream has a width of 
Srv«?«5'mn«!** barely 50 feet The walls are massive and rise 

nearly vertically to heights of 1,000 to 1^00 feet, 
(SeePls.XXXVI, A, and XXXVII.) The train here plunges into 
the vast depths of this narrow deft, and the traveler is free to enjoy 
the scene, without a thought as to how or where he is to emerge 
from them. He knows that he will be through the canyon in a few 
minutes, but the early explorers had no such knowledge. Lieut. 
PikOf who visited the Royal Gorge about the first of January, 180T, 
had serious difficulty in exploring its narrowest parts. Can anything 
more difficult be imagined than that attempt to find a passage through 
this unexplored gorge at a time of the year when the water was ice* 
coldf 
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VIEW LOOKING DOWN INTO THE ROYAL GOUGE. 

Whnn ono staiulH on the rim above tlie old station of GorKC und looks down into thb great chasm 
the railroad looks like a Ihrcad Mlretch(<d lM>sido the foaming' Htn>ain. The noint of the rim 
ordinarily reached by travelers is around the bend to the right. The lowlana in the dL'ttanoo 
is nt i'arkdalc, and the gap in the range beyond Ls the mouth of the river canyon that extends 
iiiwtream to Colopuxi. Photograph fumiiihcd by the Denver & Rio Grande \\08tem 
Railroad. 
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At Gorge the Canon City pipe line crosses the river. In roimdin<; 
the next point on the right the traveler may see above him one of 
the most massive walls in the canyon. It is probably 1,200 feet high 
and is nearly smooth as far us one can see. After passing around this 
projectin^^ nuuss into the next lieiid tlie traveler on looking ahead may 
see people on the crest of the wall, for the automobile road from 
Canon City leads to this point. The wall upon which they stand is 
about IjlUU feet--' above the railroad, but the I'wk is so massive that 
it is difficult to appreciate its great height. At milepost 166 the 
traveler is directly Iwlow the point reached by the automobile road, 
and he may obtain some idea of the immensity of the gorge, but the 
view fi'om the bottom, thoufrh interesting, does not compare in 
grandeur with the view to be obtained from above. One is more 
accustomed to looking up at fjreat heights than to looking dow n into 
great chasms, and the canyon is therefore less striking when seen 
from below than from above. 

The train swings around the base of the o^^erhanging walls of the 
point on the right and 6rosseij the Hanging Bridge (PI. XXXVITl) 
in the narrowest pait of the gorge. In places here the walls actually 
overhang, but pictures of the gorge taken from tliis point have been 
so widely circulated that almost everyone, even before reaching Colo- 
rado, is familiar with them. The engineering feat of hanging a 
bridge from the walls of the canyon instead of supporting it by 
abutments is of course novel and attracts much attention, but few 
who pass over the road think of the engineers who made tiie first 
location for the road or of the workmen who hewed their way 
through the solid rock. It is reported that at some of the construc- 
tion camps men and tools and mules and carts were let down the 
canyon wall by ropes; that the engineers made their locations on 
the ice or while struggling through the icy waters; and that the 
rockmen were hung susi)ended in the air while they drilled the holes 
in the granite and fired the blasts that sent tons upon tong of rock 
crashing into the stream below. If the experiences of these men 
could be written the story would abound in thrilling moments of 
suspense and hairbreadth escapes that would rival tiie scenes shown 
in the most realistic moving picture. 



*Many ti;nir(>s have boon given for 
the depth of this canyon, but all ap- 
pear to be only guesses. The favorite 
llgnre sems to have tieen 2,000 feet, or 

approximately half a mile. The writer, 
believing that the public is entitled to 
linow the truth about such striking 
scenic features, requested that the 
height of the dltt be determined. A«- 



eordinply, D. E. Winchester, of the 
United States Geological SSurvey, with 
telescopic alidade and piano table, 
measured the vertical distance from 

the base to the top of the cliff and 
found It to be approximately 1,10(3 feet. 
This measurement may be In error as 
much as 4 feet but probably not more 
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As already stated, the narrower and more rugged parts of the 
Royal (ior<^ are cut in the harder rooks. This fact is well illus- 
tratt'd near the Hanging Bridge, for lu re the walls are vertical be- 
cause the great joint cracks that cut the granite are vertical. When- 
ever a piece of rock is split from the walls it breaks off along one of 
these vertical joints, and the stream has dilliculty in undermining 
a wall that is composed of huge blocks of rock set on end or rather 
that have one end deeply buried below water level. The great open 
fissures along some of these joints give jjicturesque detail to the 
walls; the best known fissure is one on the right that can be seen 
to advantage by looking back just after passing the Hanging Bridge. 
This crack is 20 feet wide, and down it flows a stream of water which 
in the driest season yields cool water to the thirsty traveler who may 
be enjoying a tramp through this great highway. The traTelet will 
doabtkHBB see many other cracks almost as strongly marked as this 
one at different places in the canyon walUL Many of these fissures 
have been cleaned out by small streams of water, leaving creyices 
only a few feet wide, which in many places slope under the over- 
hanging roc)c for long distances.** 



"Doubtless! mnny persons who hiiv<* 
passed throu^rh thf Uojul Gorge have 
wondered wliat agent produced this 
deep and narrow cleft The iimeetlon 
VMj not often have been voioed, but 
scarcely anyone can see n chnsm so 
trwnendous without wonderinj; how It 
was formed. The answer whicli the 
traveler will get to such a qnestltm 
depesuto npon tbe pereon making tbe 
r^ly. If it is a geologlat he wiU say 
that the river has excavated the can- 
yon, cutting away the rock grain by 
grain ; but if the question is answered 
by one who bas not made a study of 
■ndi pfoblema be will probably scout 
such a proposition and say that It Is 
impossihle for a river to cut a hard 
rock like this gneiss and that tlie 
gorge is due to a great fissure that 
was op«ied by an eartbquafce. This 
view is most commonly held by those 
who nrf iiiifninlliar with the work of 
Ftreiinis and was even tiold by nuiny 
geologists less than a century ago. 

It is comparatively easy to prove 
that the Boyal Oorge was not formed 
by an earthquake, for, first, Oie gorge 



fs loo crooked to bo thp result of a 
fissure and, second, the bands of rock 
can be traced practically frt»ni wall to 
wall across the canyon. There is no 
poBiribUlty of a break such as would 
he required by tlie earthquake hypothe- 
sis. Altofrether tho fvidence is con- 
clusive that the Itoyal Gorge and most 
other canycMis are not earthquake fis- 
sures but were cut by the streams 
that occupy tbem, 

Th*^ cutting power of water depends 
on I lie amount of sand um\ j^ravel 
which the stream is able to carry or 
to roll along on Its bottom, dear 
water may dissolve the rocks, but It 
has no cutting power. Water loaded 
with sand cuts the rocks by the scour- 
ing action of the grains of sand on the 
rocks over which the water flows. It 
acts much like a sand blast, and no 
rock Is so hard that it can withstand 
tlie constant trrlndiiiLr of jrrains of 
sand. AccJ>i*din,i-' (o luinian standards 
the process Is very slow, but it is 
almost constantly in operation, day 
and night, and eventually it wIU make 
Its work apparent 
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HANGING UlUDGE. ROYAL GORGE. 

The HanKi'Uf Bridm^. in th« iiarrowjwt part of the canyon, ia u strikinK featurir. When the rood 
woa built there was not room at this point for both river iind niilroad side by sido, so a hridgo 
wu» neccMsiiry. The ciiMiest way to construct such a bridge was to use the two walls of the 
canyon as abutments and to swin^ the bridKO from trusses, as shown in this view. The 
joints in the (rranitc are nearly vertical, and consequently the walls have little backward 
slope I'bologniph furnished by the Denver & Rio Grande Western Railroad. 
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I IM'KK KND OK THK HOYAL (:(>n<;i:. 

Tlic tr)ivi>l«'r oil thr rini or the canyon can rlimh down, if he has » Htnudy liead, (o Ihc jag^fxl 
|x>irit shown on I hi- Inft. H<tr he ciin l<M>k on the Hiint;iiiK Hriilf;r iiri<l the railroiui trains aa 
they thuiuJff thruiixh thi; cuiiyon. wukiiiK the eohoi^s frum every unfsle of its mighty walls. 
The r<K;kj« here are much more hitchly jointed than they are lower down, and as a result the 
canyon walls l)et(>» to have an a|i|iriM:ialile slope and to dccreuiie tu height. Photograph 
furnished by the Denver & Hio (jrande Western Railroad. 
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A short disttince above tlie }ianf::in«j: Iirid«j:e, as shown in Plate 
XXXIX, the wails diminish in liei^^ht and the canyon ()i)en.s and 
bears little resemblance to the narrow gorge jnst l>elow. About 
three-quarters of a rniK above milepost 166 the slopes are so gentle 
that they can be scaled, and a trail leading to the to[) turns up the 
slope on the north (right). In this part of the canyon the walls 
are not compu.^id of massive granite or even gneiss, as at most 
placey below, but the rock is a schist, composed largely of flakes of 
mica that may be recognized by tlie manner in which they glisten in 
the sunshine. This mica schist is very soft, compared with the 
granite and gneiss, and therefore weathers more ra})idly, so that the 
canyon is wider and has smoother and gentler slopes. 

Just beyond milepost 168 are the headgate and settling tanks of 
the Canon City waterworks. In this vicinity the gray granite is 
cut by a great many dikes of pink feldspar (pegmatite). The crj's- 
tals of feldspar are large, and ilieir brilliant faces attract attention, 
especially when the sun is shining on tliem. In some places these 
dikes are so numerous and so large that they make u]) the bulk of 
the rock and give it a strong red color. The })ink feldsj^ar is very 
abundant m the rock fruiii the siding called Sample to the edge of 
AVebster Park, near Parkdale. 

Toward the west the hills grow smaller and the canyon less pro- 
nounced, until finally, in making a sharp turn to the right just be- 
foi-e reaching milepost 170, the traveler catches on the left a glimpse 
of an open valley of considerable extent, which ocmies as a pleasing 
contrast to the frowning w alls of the deep canyon. This open valley 
is Webster Park, one of the beautiful natural parks which diversify 
tiie mountain scenery of Colorado. The surface of Webster Pa^k 
is underlain by soft sedimentary rocks that have been downfolded 
or dropped by some fault, thus being preserved from complete 
destruction by erosion^ 

The first sedimentary rocks that can be seen from the train are on 
the right. They are the variegated shale and sandstone of the Mor- 
rison formation, and above them lie the more somber sandstones of 
the Dakota. These beds of rock lie nearly horizontal, but doubtless 
their contact with the granite, if it could be seen, would show that 
they rise gently toward the east at about the same rate as the surface 
of the granite on which they were deposited. The traveler may be 
surprised to find the Morrison formation in Webster Park in con- 
tact with the granite, whereas at Canon City several hundred feet 
of beds lie between the Morrison and the granite. The absence of 
these underlying formations in Webster Park is probably due to the 
fact that the upper surface of the granite was for a long time a 
land surface and upon this land the sedimentary beds were deposited 
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at different elevations befoi'e the 
granite was arched and broken by 
faults^ AS shown in figare 16. Thus 
the lowermost formation at Canon 
City may have originally extended 
onto the granite a mile or so and the 
next one 2 or S miles, and so on, until 
finally, when the Morrison was de- 
posited, the entire area was low, and 
the Morrison beds were laid down 
continuously from Canon City to 
Parkdale. 

West of milepost 170 the beds dip 
sharply toward the west, as shown in 
figure 16, and the Dakota disappears 
under the dark shale of the Benton. 
About 1,500 feet beyond milepost 170 
the sliale is in contact with the gran- 
ite, which shows that they must have 
been brought into this abnormal re- 
lation by a fault that dropped the 
sliale on tlie east as compared with 
the granite on the west. This rela- 
tion of the shale and the granite is 
illustrated in iiLMirt' IG. 

Beyond this fault the hill on the 
north (right) ot the railroad is com- 
posed entirely of granite, but on the 
south the A'ariegated shale of the 
Morrison rests on the granite just as 
it was deposited ages ago. At the 
point where the railroad crosses Tal- 
lahassee Creek the Morrison outcrop 
swings to the north, and a hill com- 
posed of this formation, capped by 
Dakota sandstone, which dips toward 
the west, may be seen half a mile 
away. The sedimentary rocks can 
not continue in this direction much 
farther, for the granite, which can be 
seen on the north, makes a high rim 
completely around the valley. 

The rock m the middle of the val- 
ley is concealed by a deep cover 
of gravel, which the river has evi- 
dently brought down from the high 
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A. (JUAND CANYON OF THE ARKANSAS BELOW TEXAS CREEK. 

Below Texus Crenk the canyon in many placps is very roui;h am\ rugK**d< tJ"^ massivft graiiila 
projecting from the walls on either Hide seems almost to har the pathway of the river, and 
these spurs ore cruwiiod wiUi crat;s and pinnacles. I'hologrupli by Murius R. Campbell. 




B. TUNNEL ON RAINBOW HI(;HWAY. 

The ooiistructioii of the Rainbow Hiffhway involved engineerinK diflicullies as great ns those which 
beset the railroad eiiKiiieers in IBBl. Much ro<:k cutting was dune, and even tunnels were driven 
through the projecting points of moasive granite. Photograph by Mariua H. Campbell. 
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A. GOLD DRKDCIING. 

Great drwlnwtjilio xUaatt uswl in deepening hnrl>or8 and in excnvnting the Panama Canal are 
set to work in the honrt of the I\o(;ky Modntitins, digging up und wuHliing ^rnvel for the Kold 
it contains. This view allows the greiit heap of wosFied gnivfl that in left in Uie wuke of \i\e 
drudge. Pliutogniph liy F. L. Runsome. 




B. RAINBOW HIGHWAY. 

Automobiles now traverse tiie gnind canyon of the Arkunsus ns readily as railroad trains, owing 
to the re<xuit cxmipletioii of the HainiMjw Highwuy from I'urkdale to lynadville. In many 

Jtlacest the umI of construction was us great as that of tlic railroad on the opposite ImuiL. 
*hotograph by tlie IJ. S. Foretit Service. 



Digitized by Google 



I)BKVB& 4 £10 Q&^DE WKSIBRN BOUTS. 



81 



liiountains farther west. One of the striking features of this gravel- 
eovered terrace is tho cfreat number of lii^ boulders that litter the 
ground around tiie stution at l^arkdale iiiul for some distance to the 
east. These boulders are composed of all sorts of rock from the high 
mountains and range from mere gravel stones oi the size of a marble 
up to boulders 10 or 12 feet in diameter. These large boulders have 
certainly been brought down the river valley, but by what agency ? 
Could water have transported them 9 At first siglit it would se^m im- 
possible for water to move boulders of this size through a canyon 
and then spread them out in a great fan nearly a mile long, but 
thm seems to be no other agent by which they could have been trans- 
ported. Some may suggest that possibly the glaciers of the Ice Age 
may have ext^ded down as far as Parkdale and carried the boulders 
and dropped tfaem inhere the ioe melted. It is well known that gla- 
dm do carry such boulders, but a glance at the rugged walls of the 
canyon above Parkdale (see PL XL, A ) will soon convince the 
traveler that no glacier has ever moved down this canyon. Water, 
thflceftne^ is apparently the only agent that could have transported 
these boulders. 

Just as the train emerges from the canyon into Webster Park 
it crosses the Rainbow automobile road^ which was last seen at Canon 
City. It was manifestly impossible for this road to fallow the river 
through the Boyal Gbrge, so it takes a more circuitous route to the 
north and then returns to the river in Webster Park. Here it 
crosses to the south side of the river and follows that side until the 
river emerges into the broad valley at the foot of the Sangre de 
Cristo Range'* above Cotopazi The constmctioii of this road 
through the canyon above Parkdale involved a large amount of rock 
work» and the State and counl^ deserve to be congratulated on its 
eompletion. (See Pis. XXXVI, O; XL, B; and XLI, B.) 

Webster Park is an oasis of valley land in a wilderness of moun- 
tains. Near the river some of the soil is too gravelly for farming, 

but back from the river there are good farms. Stock 
Parkdale. raising is the principal occupation, and the cattle 

KicTation r..sfto^f««t. find good summer pasture upon the mountain slopes. 
DcBTer 171 miie*. At the station of Parkdale the traveler, on look- 
ing hack, can see the low range of mountains, or 
rather the plateau, in which the Royal Gorge is cut. 

About Parkdale the dark shale of the Benton shows in a number 
of places below the gravel, and the next rock that is seen in passing 
westward is the granite at the mouth of the canyon. It is therefore 
certain that no hard rocks, such as the Dakota sandstone, are present 

** Spanish term meaniug " blood of Christ," proDoonced sahn'gray day cris'to. 
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between the Benton sliale and the granite, and the shale and the 
granite must be brouglit into contact by a fault, as shown in figure 16. 

Above Parkdalethe river is again confined in a narrow, rugged 
canyon, whidi has been cut in a plateau fiimilar io that in wlikh tine 
Boyal Gorge is cut (SeePLXXXiy,^,p. 72.) Upon this plateau 
Uim are several ranges of mountains, which rise to elevations of 
12,000 to 14,000 feet above aea level and which are included in the 
San Isabel National Forest This forest furnishes excellent sununer 
pasture for a large number of cattle and sheep, which are driven into 
the mountains each spring from ranches in the lowland on both the 
east and the west The forest is also an effective conserver of water, 
for in it lie the heads of a number of streams that supply water for 
domestic use and irrigation to the cities, towns, and randies of the 
plains. It is a haven of refuge for wild animals, particularly de^, 
which thrive upon its CKcellent pasture lands. The fawns are almost 
as tame as the lambs which gambol about their motihefs in the deep 
grass. (See PI. XLH, B.) 

In the Greenhorn Mountains many summer homes have been built 
by the citizens of Pueblo and connected with that diy by fine auto- 
mobile roads. The use of the national forests for recreation is en- 
couraged by the Government, and in many localities sites suitable for 
summer homes have been mapped and laid off in lots so as to be 
available to those who wish to avoid the crowded cities during the 
heat of summer. The charge for building permits ranges from 
$10 to $25 a year, depending on the accessibility and attractiveness of 
the site. Logs and poles for building and wood for fuel may be 
procured free of charge under pennit from the local forest officers. 
One of these summer homes is shown in Plate XLII, A, 

The canyon above Parkdale, although it is generally considered 
with tlie Koyal Gorge as constituting the grand canyon of the 
Arkansas, is really a separate canyon. It has a length of about 24 
miles, measured along the railroad, and may be divided, according 
to its widtli and the i iig«^edness of its walls, into three parts, two of 
them narrow and ruofged and the third, separating the more rugged 
parts, broad and more or less smooth. 

The first ])art of the canyon extends from Parkdale to Texas 
Creek, a distance of 11 miles. This canyon is not so nnrrow nor 
so deep as the Eoyal Gorge, but it is nevertheless picturesque and 
well worthy of close attention, particularly as it can generally be 
seen from an open observation car. The clmrm of this canyon 
is the variety of its scenery. In places it is narrow and has steep 
and rugged walls; in otliers it is relatively broad, thoufrli }iere and 
there projecting points of rock have been cut by the stream into 
nearly vertical cliffs. In other words, this canyon looks as if it 
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A. SUMMER HOME IN A NATIONAL FOREST. 

The United States Forest Service leasen ^roiiiiii, under certain restrictions, for 
wimnuM' lioinesi in the national forests. I'liis is niich a home in tlin San iHahcl 
Forest, south of Arkansas River. l*h<>(ot;ruph by the U. S. Forest Service. 




B. GAME IN A NATIONAL FOREST. 

Deer soon become plentiful wtion they arc protected. The wild fawn shown here waa 
photugraph&d in the San laabel National Forest by tiie U. S. Forest Service. 
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had been occupied by the stream for a longer time than the Royal 
Gorge.^^ 

The walls of the canyon from its mouth just above Parkdale to 
Texas Creek are generally uniform in height, so that this canyon 

also appears to have been cut in a plateau, the 
TezaaCieek. sur&ce of which was originally gently ndling. 
Eieratton 6^210 feet At Texfts Oeek a branch of the railroad turns to 
Dearlr m mueii. ^ south (left), crosseB the river, and after run* 

ning up a small yalley for a short distance in order 
to obtain grade, turns back and loops around a projecting ^ur con- 
siderably above the bottom of the valley. After passing this spur 
the road follows for a long distance the valley of Texas Creek on its 
way to the mining district of Westclifte, 25 miles distant. 

Near the station of Texas Creek the canyon takes on a different 
aspect. It becomes much broader than it is east of that place, and 
though the walls may in places be precipitous, they are generally 
smoother and gentler in their slope than they are farther east This 
part of the canyon looks older than the part below, and it is also 
different from the part above^ On leaving Texas Creek the train 
heads directly toward the great Sangre de Cristo Bangs (PL XLIII) 
and at a point 8 miles above Texas Creek swings abruptlj to the 
right, following Arkansas Biver, whidi here leaves the broad valley 
in which it has been flowing, and in a short distance it again enters 
a canyon, some parts of whidi are steep and narrow. If the traveler 
looks to the left as the turn is made he will see thai the broad valley 
continues directly toward the high mountain peaks but is occupied 
only by Oak Creek, a stream not at all commensurate in size with that 
of the yalley which it occupies. The meaning of these differences 



" Get>logi«t8 generally classify the 
surface features of the earth accord- 
ing to their &ge or acoordlng to the 
length of tline' they ha\ o been in the 
process of formation. Thus tliere may 
be young mountuins and old monn- 
tain», young valleys and old valley a, 
and jQwag streama and old streRSis. 
Where the rocks are fairly uniform 
throughoot, the youngest type of valley 
is the canyon and the oldest i^^ the 
broad valley vsrith slopes so gentle that 
It almost resembles a plain. A can- 
yon Is conddtfred young because It 
marks the first stage In valley cut- 
ting; a broad valley is considered old 
because it marks its last stage. 
Altboogli all canyons are young, they 



may differ considerably in age, so 
there are yotmg canyons and old can- 
yona In canyons of these two classes 
that are cat in essentially the same 

rocks young canyons may be dfstln- 
t^uisbed by flie narrowness of the bot- 
tomH, wliich are generally but little 
wider than the ehann^ of the stream, 
and by haWng walls that are commonly 
steep and in many places precipitous. 
Old canyons, on the other hand, are 
generally wide enough, at least In 
place;?, to have narrow strips of flood 
plain; their walls are less pieclpl- 
tons, and their rocks are generally 
mnrr Irregular in outline owing to 
the fact that they have been longer 
exposed to the weather. 
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in the character of the canyon of the Arkansas is not yet understood, 
but it could probably be satisfactorily explained if the history of 
the river were thoroughly known. 

Above the mouth of Oak Creek the canyon of liie Arkansas for 
some distance is irreeular in width and the sides are low, indicating 
considerable age, though it is generally narrow, and farther on it 
becomes more precipitous, until in the vicinity of Cotopaxi it is a 
veritable canyoii, though it is wider than the part of the canyon below 
Texas Creek. 

Cotopuxi is a small settlement, hemmed in on all sides by high 
granite walls, but fairly good roads lead from it southwestward to 
a rich agricuitnr;il rejjion at the foot of the Sangre de Cristo Range. 

Small quantities of the precious metals as well as 
CotopszL some copper have been found near the town, but 

Bieration 6.886 feet, none of the mines are now in operation. Limestone 

Population 252.* . , , . , j. 

Denver 192 miles ""^^^ once quarried here in large quantities for use as 

flux in iron furnaces, but most of the limestone now 
so used at Pueblo is quarried near Howard, farther up the valley. 
The quarries near Cotopaxi were about 3 miles nortii of the rail- 
road, at the southern end of the belt of Carboniferous rocks. (See 
sheet 3, p. 100.) The limestone has been preserved hero by being 
downfolded into the granite, and on the east side of the downfold 
the rock has been broken by a fatilt and replaced by the granite. 

For some distance west of Cotopaxi the sides of the canyon are 
composed of massive granite, which in places stands up in nearly 
vertical walls (see PL XL, A), but the valley bottom is generally 
wide enough to afford ample accommodation for the raihoad nnd 
for the Rainbow Highway. The canyon maintains this width for 
some distance, but beyond milepost 194 the river passes through the 
niUTOwest and most rugged part of the canyon west of Parkdale. 

About three-quarten of a mile beyond milepost 194 the railroad 
emerges snddenly from the granite canyon into a broad valley at the 
foot of the Sangre de Cristo Bange. The course of the railroad, 
which for a long distance has been nearly southwest, here veers to 
the northwest along this valley. The change from seemingly end- 
less vistas of tocky canyon walls to a broad valley in which there are 
farms and green trees is striking and exceedingly restful and is one 
tff the' surprises that are constantly awaiting traveler in .this 
mountainous region. 

.. The change in scenery and in the general character of the country 
is dne to a diffennoe in tlie underlying rocks, but for scmie distanoe 
this fact is not appar^t, as the rodss are not visible from the train^ 
the land near the river being composed of sand and gravel yrs^biod 
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down from the high mountains at the back of the valley. The rail- 
road follows the east side of the river, passing by 
Pleasanton. vilhifre of Pleasanton and hugging the granite 

Eleyatiou o,-»8l feet, cliffs that border the vallev on the northeast (right). 
Denrer iw miiea j^^^ contact of the soft rocks of the valley with the 
granite or gneiss is not a normal contact but is due to a fault, the 
granite having been elevated or the other rocks depressed an un- 
known distance. 

In order to understand the meaning of the surface features along 
the railroad from Pleasanton to Salida it is necessary to know the 
geologic structure and the succession of hard and soft i-ocks. 

Mountains are usually formed either because they contain rocks 
that are somewliat harder than the rocks in adjacent areas or be- 
cause recent disturbances in the earth's crust have raised one part 
of the crust with relation to another; or they may be formed by 




FloOBB 17. — Cross sectiuD of the Sangre de Cristo Range and Uie vaUey on iU east side 
mt PletMuntmit ibowlag tlie antlcilae of tbe nMraotatii and tlK vyncUne <m tbe rmat. 

volcanic action. Tn the Rocky Mountains the principal ranges and 
peaks have been funned hy one or both of the two causes first stated. 

The great Sangre de Cristo Range, which towers on the left a mile 
above the railroad, is no exception, but this range, unlike many others 
of this general region, is very narrow, being at no point more 
than 12 or 15 miles wide. At many places its crest is composed 
of granite and gneiss, which, being harder than the surrounding 
rock, have remained at their present height, while the softer rocks on 
either side have been washed away to lower levels. Tn general, the 
structure of the mountain at the north end is that of a great anti- 
clinal fold (arch), mainly in Carboniferous rocks, tliough it affects 
the lower rocks down to and including the granite. At a j)oint 
farther south the fold crosses the range at a low angle, and from 
that point southward the structure is entirely different. The section 
shown in figure 17 represents in a general way the structure of the 
rocks at the north end of the mountain — ^the anticline in the moun- 
80eU7°— 22 1 
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tain and the syncline (trough) on its east side. From a point above 
Howard to Pleasanton Arkansas River flows in the valley eroded in 
this syncline, and the ofrainU' on the right of the railroad lies on the 
east bide of the fault, as shown in the section. 

At Pleasanton the railroad is built on the Weber shale and sand- 
stone near the fault, but in passing northward it diverjres more and 
more from the granite wall until it is on the Muruon sandstone 
nearly in the middle of the trough. This sandstone makes its ap- 
pearance a short distance above the siding of Vallie. It is very 
conspicuous on the left, in the hill across the river, and dips about 
70" W., or into the great syncline nluch lies on that side of the 
railroad. This hill shows to good advantage not only the red Ma- 
roon sandstone but a cap of lava, which gives some clue to the re- 
cent geologic history of the valley. As s^n from the train the lava 
ca|> appears to be horiz.ontal, but after passing it the traveler, upon 
looking back, may see that the lava cap is underlain by a bed of 
white volcanic tutf about 40 feet thick and that both the lava and 




FioiRB If. — Lava-oappcd hill south of Howard. The Till I, which is opposite milcpoit 200, 
is composed of red saodstone dipping ste^ijr to tbe northwest and is capped by » nearlj 
horlsontel rtieet of tuff and lava. 

the tuff slope to the west, or away from the i;nlrnnd, as shown in 
figure 18. This westward slope shows that at the time the tuff was 
deposited and tlie lava w^as poured out upon its upper surface, the 
deepest part of the valley lay considerably west of the channel in 
which the ri^ er flows to-day. 

The red sandt-tone crops out by the side of the railroad as far as 
milepost 200. Here it is covered by a large mass of tuff and lava 
which descends below river level and which shows on the northeast 
side of the valley in places to points beyond Howard. Most of the 
high hills near Howard are capped with white volcanic tuff and 
with a sheet of lava, which invariably slopes to the west. These 



^ Volcaiilc tnff la a name applied to 
material blowD out of a volcano by an 

explosion of fraf or fstenm. It is gpii- 
orally composed of tine particles of 
giuss but may include fragments of 



lodc of dlffefrent Bins. Tbe bed of 
tnff beore may have been fiormed of 

dust and ashes that settled down on 
the ground from the ntmospliero or 
were waslied into a basin or vaUey. 
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rocks have been traced eastward to a point near the fault at the 
edge of the granite. As the lava rises steadily toward the east the 
volcanic Tent from which it came was probably near the fault and 
on high ground, thence it flowed westward down the slope to the 
river, which was then farther west and somewhat lower than it is 
to-day. 

Tho volcanic matter doubtless partly filled the old valley of the 
Arkansas, and then crime a preat wash of gravel and boulders from 
the niQuntains. v. luck must have filled the valley to a depth of sev- 
eral hundred feet. N"o one yet knows what caused this great deposit 
of gravel, but it has been assumed to have some connection with the 
formation of great glaciers in the neighboring mountains. This in- 
flux of foreign material dammed the river and forced it over to the 
east side o{ its valley, entirely out of its former position. At present 
the river is cutting away the gravel and lava, but it has not yet cut 
down to its former level. Remnants of the gravel filling may be 
seen in the extensive terraces opposite Howard, as shown in Plate 
XLIII. 

At Howard a branch railroad turns to the left, crosses the river, 
and disappears in the hills in the distance. This line runs to a stone 
quarry at the station of Calcite, where limestone is being (quarried 
on a large scale by the Colorado Fuel & Iron Co. for use as flux in 

its large blast furnaces at Pueblo. Howard is a 
Howard. small village, but the well -cultivated farms across 

Elevation 6,718 feet the river indicate a prosperous community. The 

D*nTeV2(SmUe«. ^'^^^ hoth sides of the river is irrigated and 

yields abundant crops of alfalfa and the more hardy 
grains. Near the station there are kilns in which charcoal was for- 
merly made. (See H. XIV, p. 30.) These kilns are the only 
traces that remain of what was cmoe a large industry in these moun- 
tains. The natiye timber was used in making charcoal, which was in 
great demand by smelters in almost every mining town. The con* 
centration of the smelting industry into the hands of large corpora- 
tions and the consequent abandonment of most of the small plants, 
together with the inereased production of coke in the coal fields near 
by, killed the charcoal industry. Although the decay of this indus- 
try temporarily deprived many persons of the mesns of making a 
livelihood, it was a blessing to the region as a whole, for the manu- 
facture of charcoal is a wasteful process and one that has consumed 
mudi valuable timber that might have been reserved for a more use- 
ful purpose. 

A little beyond Howard the railroad turns more toward the west 
and crosses the bedded rocks, which show to good advantage. In 
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this section (see fig. 19) the s^^ncline has been so squeezed by pres- 
sure from the east that its sides have been pressed close to<xetlier 
or overturned, and consequently all the rocks dip toward the east. 
The lava is prominent in this part of the valley, but it is limited 
to the hills on the opposite side of the river. These hills at tirst 
appear to be composed entirely of lava, but close scrutiny will show 
that the red sandstone crops out here and there near the river level. 
This low place in the sandstone evidently marked the middle of the 
valley at the time the lava was poured out and filled the valley 
to a depth of 300 or 400 feet. West of milepost 205 the railroad 
crosses Badger Creek, which drains a large territory between the 
Arkansas Valley and South Park. The red sandstones are well 
exposed in tlie bend of the river a little farther on and in the ap- 




Frnmrn 19.— SeedMI «f the San^re do rris-to Ran;::*- and the nOlCT W ItSMSt Mdc^ Ihroog^ 

Hunts Peak and iloward. 

proaehfls to the tumid bejcmd milepost 206. They are fairly con- 
spiciiouB in the ri^er bluffs near milepost 207, but west of this point 
the red color disappears from both sides of the valley. The last 
lara-capped hill is nearly opposite milepost 207, and this hill marks 
the western limit of the old valley, which is now so deeply filled with 
the volcanic material that it constitutes hills rather than a valley. 

At SwisBvale the railroad is built upon a broad gravel-covered 
flat. The absence of exposures of hard rock is due largely to this 
fact and to the fact that the flat, or rather terrace, is composed of 

the Weber shale and sandstone, which underlie the 
red sandstone that is so conspicuous fiarther east. 
This relation is due largely to the effect of a cross 
anticline, which trends in tlie direction followed by 
the railroad. This anticline brings the Leadville limestone near 
the surface, but it can not be seen from the railroad until the train 
passes Wellsville Springs. Its position is marked on the river bank, 
however, by numerous springs, which carry so much lime in solution 
that as soon as they emerge from the bank they deposit the lime 



Swissvale. 

Elevation 6,868 feet. 
Denver 208 miles. 
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ill tiio form of calcareous tufa, building up domes of this material 
aroumi the springs. A rather large spring of this kind is being 
utilized at Wellsville as a bathing pool, making it a general pleasure 
resort for the surroundini; towns. 

Long ago, when the river was flowing at a much higlier level than 
it is now, large springs issued along its banks much as the springs 
issue along its banks to-day, and they built up immense masses of 
tufa, which now stand several hundred feet above the railroad. This 
tufa consists of nearly pure carbonate of lime, and it is now being 
quarried in a large way for use in refining beet sugar and as flux in 
iron furnaces. 

West of Wellsville Springs the sides of the valley become steeper 
and the railroad is crowded to the bank of the river under a high cliff 
of Leadville limestone, which is the lowest formation of the Car- 
boniferous system. The beds of rock in this cliff have been greatly 
distorted by folding and in places stand nearly vertical, but the 
bedding has been largely obliterated, by the solution and redeposition 
of the lime, so that the structure can not be determined from the 
train. After passing the great bend of the river to milepost 210, the 
synclinal structure may be plainly seen in the bluff on the far side of 
the river. 

The limestone is conspicuous on both sides of the valley almost to 
milepost 211, where it rises and disappears in the tops of the hills. 
It is underlain by thin-bedded quartzite, the age of which is not defi- 
nitely known, though it is considerably older than the other sedimen- 
tary rocks which the traveler has recently seen. The quartzite is so 
much changed by movement and pressure in the crust of the earth 
that at first sight it may not be recognized as a sedimentaij rock. It 
is cut off in a ^ort distance by a great mass of intrusive rock, which 
occupies a large area on the northeast side of the river valley and 
extends up the river as far as the stockyards 2 miles* below ^ida. 
Beyond this place the intrusive rocks are restricted to the nortlieast 
sidie of the river, or if they occur on the other side they have been 
dropped so low by faulting that they are effectuaUy concealed by 
the gravel in the bottom of the vall^. The Arkansas Valley above 
Salida has doubtless in many places been affected by faulting, so that 
large tracts have been dropped hundreds and possibly thousands of 
feet and the depressions so produced filled with sand, gravel, and 
boulders brought down from the great Sawatch Bange on the west. 
About Salida in particular the evidence of such a dropped block 
seems to be condusive, for the river a few miles below the town is 
flowing on bedrock and it would still be running on or near bedrock 
at Salida had the bedrock not been depressed below its original leveL 
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The largest town in the motrntains west of Canon City ia SaHda 
(from the Spanish word outlet; locally pronounced sah-Ue'da), which 

was 80 named because it stands at the outlet of the 
SmBdm. upper Arkansas basin. It was settled in 1880 at the 

Bievatiou 7,050 feet, time the railroad was being built up the Arkansas 
S^n^lVi?5tiie«. Valley, and it is at the juncti<Mi of the narrow-gage 

road over Marshall Pass to Grand Junction and that 
over Poncha Pass to San Luis Park with the main line of the Denver 
A Bio Grande Western Bailroad. Here are the repair shops of the 
railroad and some other manufacturing plants, and a mile northweert 
of the town there is a large smelter. It is a town of homes, but in 
addition there are several hotels for the accommodation of travelers 
who change from one route to another in order to see the beautiful 
scenery for which this region is noted. The town lies i u a basin that 
is nearly surroimded by mountains. (See PI. XLl \'.) The Sangre 
de Cristo Range, which begins near Santa Fe, N. Mex., terminates 
just south of the town in a prominent point known as Hunts Peak 
(12,446 feet). The Sa watch Range begins in Mount Ouray (13,966 
feet), a little west of the north end of the Sangre de Cristo Range, 
and stretches northward, including Mount Chipeta, Mount Shavano 
(14,179 feet), and other high peaks^ shown in Plate XLIY. To the 
north and northeast there is a jumble of lesser ranges without 
special names. 

As the branch railroad lines that enter Salida are narrow-gage 

all the frei«rht ori«rinating on them and bound for the East must be 
reloaded into standard-gage cars. This reloading entails consider- 
able expense and loss of time and is a great liaiidicap to the shippers 
on the narrow-gage lines. Narrow-«rafre cars can run. however, be- 
tween Salida and Leadville. because here a third rail has been main- 
tained for the benefit of the mining interests in shipping ores to 
the smelter. 

A description of the route over Marshall Pass and through the 
Black Canyon begins on page 158. 

MAIN UNB OF RATIiROAD FROM SATjIDA TO MAIiTA. 

On leaving Salida tlie railroad runs up the right side of the valley, 
but it leaves the base of the hills in a short distance and finds a route 
near the middle of the valley. About a mile out of Salida the 
traveler has on the west (left) an unobstructed view of the southern 
part of the 8a watch Range, which at its extreme southern point 
is crossed by the narrow-gage road over Marshall Pass. This line, 
after passing westward from Salida about 6 miles, enters the range 
by Poncha Canyon, which is indicated on Plate XLIV, 
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The railroftd nsoends this canyon for several miles and then climbs 
the moimtain slopes on the west, imding a way, after many turns and 
loops, over the range through Marshall Pass, whi( li lies just beyond 
Ouray Peak (oo'ray), as shown in Plate LXIX, B (p. 162). Al- 
though the line up the Arkansas Valley above Salida was completed 
as far Leadville in 1880 and the line over Marshall Pass in 1881, the 
latter was regarded as the main line and was the first to be finished 
through to Salt T^ake City. 

Near milepost 217 a branch line turns to the left to a larfre silver- 
lead smelter in which much of the ore of this region is reduced. A 
description of such a plant and of the process of smelting is given 
on pages 252-254. A little farther on there is an abandoned mill 
on the right of the track, one of the characteristic features of a 
mining country that has seen its best days. The old mine that 
supplied ore to be crushed and concentrated in this mill may be ' 
soen halfway up the mountain slopo on the ri<xht. The mill and a 
single house constitute Belleview, which is merely a sidiu'i;' for 
trains. A short distatice beyond Belleview the railroad cros.ses the 
Rainbow Highway, which for some distance beyond this point con* 
tinues on tlie right of tlie track. 

From Salida up to the Continental Divide and for some distance 
down on the western slope the shape of the mountains has been 
greatly modified l>y glaciers. There are no giaciei-s in tliese moun- 
tains now, but long atro, during the ^reat ice age, these ranged, 
particularly their east sules, wei-e covered by great masses of ice 
whicli flowed down toward or into tlie vtjileys at their feet, scouring 
out here and there basins from the solid rock. As most of the strik- 
ing scenery in this region is due to the effect of these !)odies of mov- 
ing ice they are shown on the accompanying maps as they existed 
at the time of their greatest development. The effect of high winds, 
low temperature, and snow on the vegetation at high altitude is 
alsi:) well shown at the summit of the mountains, as exhibited in 
Plate XLV\ .1, which is a view from the automobile road where it 
crosses the Sawatch Range west of Salida. 

About milepost 220 there are many large boulders, like those at 
Parkdale, on a low terrace near the river. As the railroad ap- 
proaches the river the boulders may be seen at dose range and at 
higher levels^ until they appear on the terrace above the one on 
which the railroad is built These boulders increase in size north- 
ward until at a place about a mile from the mouth of Brown Canyon, 
which is apparently the place ftom which they were swept, there 
are boulders of great size; one on the left of the track measures 
24byUbylOM^ 
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The bonlders are distributed in a f an-diaped, delta>like area, Aow- 
ing that on emerging from the canyon the current that transported 

than swung first to one side and then to the other 
of this great delta fan and, naturally, as it reached 
dIdvw" 22 m^elT* coutttry, lost'lts transporting power and 

dropped its load. The station of Brown Canyon 
is at tiie pdnt where the stream emerges from the canyon which it has 
cut in the hard granite. (See fig. 20.) 
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Fkcvu 90.— Ideal MCtioa from Sawmtch Banga to Brom Canyon, showing tkm 6919 
grard fllUng tn tiie oUT channel of tbe Arkanaas. * 

The canyon is not straifr:ht but, as shown in figure 20, ^inds about 
in the hard rock, and at one place, half a mile beyond milepost 223, 
it touches the very edge of the granite mass, so that tiie recent cutting 

of tlie stream has exposed the gravel fiUinc: on 

^S;;'?^^;^!?!^^ ^^^^ (left; see fig. 21), showing conclusively 

that when the river established its present course 
it was flowing on gravel of fairly uniforiA com- 
position and that the slope of its bed was so 
slight that it meandered over a l)road, flat- 
bottomed valley in great well-rounded curves. 
When the uplift came that gave it power to 
trench its valley, the stream cut directly down- 
ward in its established course, and although in 
some places its course was on granite and in 
other places on gravel, the river j)ersisted in 
following that course even to the present day. 

The point of hard rock which the traveler may 
see on the left before he reaches the rift in the 
canyon wall is a large dike, which was once 
molten rock that was forced .up from helow 
through some great fissure in the crust of the 
earth. It is now solidified into a mass more 
resistant than the surrounding granite, so that it stands up as a nearly 
yertical wall. 

At some places in this canyon there are great granite boulders, 
around which the water surges furiously when the riyer is above the 




FiGUBfi 21. — Sketch 
map of Brown Cui- 

yon, showing ite rcla- 
Uou to the granite 
and the mTel, 
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A. SUMMIT OF THE SAWATCH RANGE WEST OF SALIDA. 

Frum tho automoliilc road iKadiii^ to Guihunoii and Montrose the traveler has a f;ood view of the 
bleak summit of a high ruiiKe. The tTor-s muke a pnrHlHtoiit ctTort to c:rc<M> up lowitrd tliR crcttt, 
,tiut the stroiiR winds, low tcmi>craturc, and drifting snow prevent tlicm from reaching the top. 
As iihown in u«e foreground, many of the trees grow horizontally on the siirfiice, and tttoete that 
stand upright ar« severely handled by tho snow and wind. PholoKraph by Henry R. Hay, 
Salida. 




B. CIRQUE ON A MOUNTAIN SIDE. 

This picture gives n ^ckmI idea of the great amphitheaters or ciniues scoo|ie<l out of a iiiountain 
side bv the old glaciers. The glacier formed at the head of a ravine, and the ice (lowed out 
toworu the obM4>rver and down Uio ravine to the left. It cut into tho slopes on all sides and 
in time produced the cirque ahowu here. Pbotograpli by Heury R. Hay, Salida. 
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normal stage. The traveler may be intereafeed in ihe eircalar holes, 
ranging in diameter from a few inches to many leet, that have been 
carved in these boulders, and he may wonder how they have been 
made. Some of these ^ potholes," as they are called, are shown in 
Plate XLVII, B (p. If he could look down into the potholes he 
might see the '^tools'' by which th^ were carved. These tools are 
small boulders, which the water, when it is high, whirls round and 
round in the narrow space^ This constant grinding wears the holes 
deeper and broader and unites many adjacent holes, forming a chan- 
nel in the rock. 

About three-quarters of a mile beyond milepost 324, whidi is in 
the narrowest part of the gorge, the railroad crosses a rather large 
creek that wtere the river from the east A branch road once ran 
up this stream nearly 6 miles to some iron mines, but the mines 
were unsuccessful and the line has been discontinued, although it 
is still shown on some recent maps. The point where this branch 
joined the main line was known as Hecla Junction. The canyon 
is near the western edge of the granite area, but the gravel filling 
on the left can not be seen from the train. 

About half a mile beyond milepost 230 the railro&d crosses the 
river and in a short distance emerges from the rocky reaches of 
Brown Canyon. This canyon is extremely intere^tino; from many 
points of view. To the geoloorist it reveals a whole chapter in the 
history of this region, a chai)tcr that tells of its depression down 
nearly- to sea level, when the hiijhest mountains of Colorado were 
small ridges only 4,000 or 5,0UU feet in height, {uul then of its eleva- 
tion to its present position. To the lover ot beautiful scenery it 
afl'ords a pleasin;<r variety of lantlscape, for one tires of even the 
finest scenery if it is without variety: but in pasaing'from the open 
valley above Salida, where the principal objects in sight are the 
great mountain peaks of the Sawatch Eange, to the confining granite 
walls of Brown Canyon the traveler experiences a }>k;Lsiiig sensa- 
tion of the nearness of tlie hindscape and of being brought face to 
face witli Ihe works of Xature. To the artist the canyon is beau- 
tiful hecause of its ruggedness and of the many vistas that may 
be obtained of the stream boiling and foaming through some narrow 
part, or of some beautiful side ravine where the dull gray of the 
granite is enlivened by the deep green of the conifers and the soft 
foliage of the aspens, or, if the season is autumn,* by the gleam 
of gold which the yellow leaves give to the landscape. 

The general aspect of the canyon, as well as its relation to the 
gravel filling on the west, may be seen to excellent advantage by 
looking back from the train 'after it has cleared the granite walls 
- and crossed the river to tiie west side. Here the traveler can see 
that the higher gravel terrace on the west, a^ shown in figure 20, is 
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about level with the tops of the granite walls of the canyoiL This 
fact strongly corroborates the theoiy that the old valley was filled 
with gravel that forced the river to the east, onto the granite upland. 

Just after emerging from the canyon the traveler may get, on the 
west (left), a magnificent view of a part of what is frequently 
called the Collegiate Peaks or the Collegiate Kantre, from the fact 
that the three most prominent summits visible from this part of the 
valley are known as Princeton, Yale, and Ilarvard.^^ The view on 
the left also includes Mount Shavano, which is the next hifrh peak 
south of Mount Princeton. These peaks are peculiarly situated, as 
they do not form a part of the Continental Divide but stand dis- 
tinctly east of that crest, and the laro^er streams heading in the range 
cut throufrh this outer line of peaks in nreat canyons that are very 




Fioura 22.— Mount Tate ffeom Nathrop. 

striking features. One of the deepest of these cuts, the canyon of 
Chalk Creek, which the traveler may see on the left, separates Mount 
Shavano on the south from Mount Princeton on the north. The 
view of Mount Yale as seen from tliis point and represented in 
the sketch (fi^. 22) is the best to be obtained from the rail- 
road, for north of this point the big shoulder on the east side 



''The bistrny of the naming of tlieie 
peaks is gkvm bOsm In tbe wocda of 
Prof. W. M. Davla, of Harvard Uni- 
versity : 

In the summer of 1809 Prof. J. D. 
Vliltney vlrited the Bodcy Mountains 
of Oolondo with a small party. In- 
cluding four of 'his students (Arclii- 
bald II. Manine. Henrj' Gannett, 
Jost'ph H. Bridges, uud William M. 
Davis) iu the mining school at Har- 
vard. His object -was dilefly to deter- 
mine the altitiide of the krftleat ranges 
that he could reach, regarding which 
a brief report was published in f eter- 



mann's HtCteUnngen (1871). Tb» 
highest summit that lie found (14,889 

feet), was in the Sawatch Range west 
of the ui)i)er Arkansas Valley and 
was named Mount Harvard, after 
the unlTorslty in whidi he was then 
tea<diing; while the next higher sum- 
mit Immediately to the south in the 
same range (14.172 feet), was named 
Mount Yale, after the university 
from which he graduate<i 30 years 
before. The name Mount Princeton 
waa given a few years later to the 
fine mass ( 14,177 feet) next south of 
J^Iuuat Yale. 
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conceab the main sharp peak, and the mountain looks like a great 
round mass. Mount Haryard lies to the right of Mount Yale, and 
this mountain, as seen from any point on the line, presents the ap- 
pearance of a great mass without a definite or sharp top. 

Just before reaching Nathrop the railroad crosses Chalk Creek on 
s high bridge. The traveler may look up into the great canyon 
which this creek has cut in the Sawatch Bangs, whose base is only 
5 miles away, though the head of the creek is 20 miles farther back. 
The Ck>lorado & Southern Railway has a narrow-gage road in opera- 
tion up this creek to the mining region about St. Elmo ; it formerly 
crossed the range to Pari in and Gunnison, on the Marshall Pass 
branch of the Denwr & Kio Grande Western, but the long summit 
tuimel has caved so badly that traffic beyond Hanc ock has been aban- 
doned. This road may be seen on the left just after the train passes 
the village of Nathrop. 

The gorge that Chalk Creek has cut through the mountains has 
been scoured by a great glacier, which has greatly broadened its 
bottom and smoothed its sides, but unfortunately the railroad is so 
far from the base of the mountains that the traveler can not see 
how much the ice modified tlie shape and appearance of the canyon 
nor the enormous teniiinai moraine, a mile long and several hundred 
feet high, that it built. This moraine lies outside the mountains, but 
it can not be seen from the train. 

The moiintains on both sides of Arkansas Valley are included in 
the Li adville National Forest, in the administration of which the 
I^orest Service h;is come into close contact and, at first, into con- 
flict with the millers regarding their ri^ht to cut timber on the pub- 
lic domain. The manner in which tids subject has been handled 
and an outline of the results obtained are given by Smith Kiley, dis- 
trict forester, in the footnote."* 



"As the train goes up fbe vall^ of 

Arkansas River from Salida to Buena 
Vistn the traveler s»^ps \ho Collegiate 
Kauge on the west and the Trout 
Gredc Hills and BuCbilo Peaks on the 
east These hUls and mountains are 
all m the Leadville National Forest, 
wUch covers an area of 935,506 acres. 

The celebrated Leadville and Sum- 
mit County miuiug districts of Colo- 
imdo are almost wholly in the Lead- 
ville National Forest Tfte Question 
at once arises, What efPeet has the 
establishment of these national forests 
bad upon the mining industry — are 
they beoeficial or detrbneatal to It? 



This question can he best answered 

by giving a brief sketch of the prac- 
tices and customs of tlie mining com- 
munities in the SState at the time the 
forests w^e created as compared with 
those preraiUng at the preset time. 
In the early days, when " mineral " 
was discovered, it was the practice to 
St a lie as eiainis all the ground that 
aiiglit Ijecome affected by the discov- 
ery. One incentive for this action 
was the desire to control the timber; 
another was the desli-e to control all 
possible mineral deposits found sub- 
sequent to the discovery. No elfort 

WM made to watma with the require- 
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From the villtge of Kethiop the traveler, on looking back to 
the east, may obtain a good idea of the kind of country the granite 

makes somee distance back from the main drainage 
Natiuop. lines. It fcHrms a plateau or tabk^land that rises 

Bivration 7.606 f«et from 1,500 to 2,000 feet al^ve the level of the valley. 
^rvLViaa Tiles. This plateau is probably a remnant of a once 

rolling surface that extended over most of the 
mountain country and that has been desci^bed as a peneplain. 



mentH of the law as to wliat coasti- 
tuteH a claiiu. 

Whoi an application for minml 
patent Is now recelTOd for a piece Of 

land in a national forest the land is 
examino(] by an experienced, qualified 
mining expui t of the Forest Service to 
determine tlie validity of tlie claim. 
If tbe claim Is found to be Invalid 
the evidence of its invalidity is sub- 
mitted to the Genornl Land Office, 
where action on the application for 
patent is taken. Sucli exuuuuutioa8 
have done much to stop the exploita- 
tion of other than mineral land under 
ttie mining laws as well as the whole- 
sale location of timber by an Indi- 
vidual or company to the detriment 
of the lone prospector. 

Particular attrition is given by the 
Forest Ser\ ioe to tlie preservation and 
protection of timber In re^nons where 
it may be needed for pruKpectinsr and 
mining. A prospector can obiuiu tim- 
ber to develop his claim from the na- 
tional forest without charge, but a 
paying mine must buy its timber. 
Where forest land !u a mining district 
is sold care is tak:en to leave on it 
sufficient timber for Its exploitation 
as mineral land should mineral de- 
posits he found on it. 

}loa<b<, trails, and telepboi\e lines are 
built by the Gnvemnient llirouprh na- 
tional iureslH to m&ke them accessible 
for administration and protection. 
These conveniences are open to the 
prospector, who in turn is welcomed 
by the forest officer because of Th(» as- 
sistance he is able to render in report- 



ing tires or the misuse of fori bl prop- 
erty. Very little of the timber, how- 
ever, that Is nsed in the tnnnels, shafts, 
and stopes of the Leadvllle mines has 

been obtained from the basin of Ar- 
kansas River. Practically all of it 
has been obtained from Fryingpan 
Creek, in tlie Sopris National Forest, 
and from the Eagle River country, in 
the Holy Gross National BV>rest. Most 
of the round timbers that are loaded 
on freiirbt cai-s at Mitchell, Pando, or 
Ked Cliti, on the other side of the 
Continental Divide, are destined for 
the Leadvllle mhies. 

The forests around Leadvllle are ' 
composed almost entirely of lodRppole 
pine (st!e PI. XXX VI, B), and the city 
Stands in the upper part of tlie zone of 
this tree. The travder will note the 
large number of young trees scattei 
over *!tump nrens: <>r ureHs in whieh 
deail wtaiidin^ trees ^ive evidence of 
forest bres. Lodgepole pine seeds 
readily in the soil and ash of fire- 
sw^ districts, for the cones that con- 
tain the seed may remain on the tree 
year after year witliout o[)ening, 
though the seed continues fertile. In 
this way large quantities of fertile se«l 
accumulate on the trees, so that when 
a forest fire occurs the cones are slowly 
opened by the heat, and the seeds are 
reU'ased and fall in frroat numbers to 
the ground to sprout and grow, if the 
weath^ Is favorable. Where the 
growth of lodgepole pine after a fire 
is scattering the fire may have been so 
severe that it burned up a lar^e num- 
ber of the cones, or favorable weather 
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About a mile north of Nathrop the Denver liio (aande Western 
crosses to the east side of Arkansas River, and a short distance far- 
ther on it crosses the Colorado & Southern Railway, whicli follows 
the east side of the valley from this point up to Buena (bway'na) 
Vista. After he crosses this railway the traveler, if the light is 
just right, may see faintly in the distance on the side of Mount 
PrincetODi a wagon road that zigzags up the south spur of the moun- 
tain to same old mines, from which it has been extended to the top. 
This load may socm be so improved that automobiles can reach the 
top of the mountain, from which an even wider view may be ob- 
tainfid than that from Pikes Peak, for Mount Princeton is sur- 
rounded by range after range that can. be seen only from some com- 
manding eminenee. The height of Mount Princeton is 14,177 feet 
Its relation to the Arkansas Valley is well shown in Plate XLVI. 

Near milepost 237 the Denver ft Itio Grande Western Bailroad 
again crosses Arkansas Biyer, and a short distance beyond this cross- 
ing the traveler may see Trout Creek Pass on the east (right) . The 
Colorado Midland Railway formerly o|3erated a line through this 
pass. At a lower level he may see the Colorado ft Southern Bail- 
way, which crosses through the ssme pass. This road formerly con- 
nected the lines of this system in South Park with the line that runs 
southward from Buena Vista^ but it is not now in operation. 

About 2 miles north of the river crossing just mentioned, on the 
east side of the track, is the State Beformatory, to which juvenile 
offenders are sent* After crossing Cottonwood Credc, a fine, swift, 
dear mountain torrent, the railroad reaches Buena Vista ("good 
view."), a town embowered in a beautiful grove of cottonwood trees 

and one of the most attractive places in this part of 
Buena Vista. the Arkansas Valley. It stands at the intersection 
Elevation 7.968 feet of two of tho most ttotsd automobilc roads in the 
D~4o St»te-*he Kainbow Highway ftom Cuion City up 

the Arkansas and the road from Colorado Springs 
oy way of South Park. These roads, after uniting, continue north- 
wiird through Tennessee Pass and westward to Qknwood Springs and 
Grand Junction. Cottonwood Creek, which furnishes an abundance 
of pure water for domestic use and for irrigation, comes down in a 
deep canyon between Mount Princeton and -Mount Yale from the 
Continental Divide, which is some distance west of these high peaks. 
Long ago a great glacier occupied the canyon and scoured it out, but 
it came down only to the point where the canyon opens out into the 



limy not Imve followed tlie lire, so that 
only a very «ma11 percratage of the 
seeds ecmtd sanrive. Where the tcsr- 
eler sees a dense patch of these pine 
trees ta a tract on tbe.oiQuataiii eide, 



however, he can he almost certain that 
a fire has swept over that tract and 
was followed by a heavy fall of seed 
and fa^ nrnble weather darins the soh- 
segueut growing season. 
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van<»y, and the traveler on the railroad has no opportunity of seeing 
the results of its work. 

The attractions of Bnena Vista consist of an admirable cliniato and 
beautiful surroimdin^K for suniiner visitors; the as<^ont of Mount 
Princeton, which is a littio lii^^her than Pikes Peak; and Cottuuwood 
Hot Sprin<rs, at the mouth of the canyon G miles above Buena Vista. 
It is projwsed to lay a pipe line down to the town and establish bath- 
houses so that more visitors may be able to bathe in the mineral 
water. Buena Vista was established in 1879 and is the seat of gov- 
ernment of Chaffee County. 

Immediately north of the sration at Buena Vista the traveler 
may notice on both sides of the track huge boulders that are arranged 
in the form of a fan, similar to the o^reat fan of boulders at the 
mouth of Brown Canyon. The boulders at Buena \ i^ta may not 
be so large as those at the mouth of Brown Canyon, but many of 
them measure from 12 to 15 feet in their longest diameters. 

Nearly 2 miles from the gtation the Denver & Rio Grande Western 
Bailroad enters Wildhorse Canyon, a small canyon cut in the massive 
granite. The automobile road does nol fallow the river in this part 
of its course, but keeps to the west (left) on the unconsolidated 
grayel that fills the old vaDey. This canyon k not so deep nor so 
continuous as Brown Canyon, and for some distance in its middle 
part the granite in the west wall gires place to gravel. At its upper 
end, on the right (east) side of the track, a great hlock of granite 
stands like a sentinel. This block is shown in Plate XL^I, A» 
Here the traveler may look back and see that the gravel terrace on 
the west side of the river stands at about the same level as the top 
of the granite wall that bounds the canyon on that side. From this 
fact it is apparent that at one time the old valley was deeply filled 
with gravel, which was brought down from the high mountains on 
the west, and that the stream was crowded eastward upon the robky 
slope of the valley. Later, when the stream had removed some of 
this gravel and resumed tihe woric of cutting its valley down, it 
again flowed on the hard granite, but far to the east of its former 
course. However, a stream has no power of itself to alter a course 
it once establishes, and so Arkansas Siver persisted and cut the 
canyon in the hard rock. 

On emerging from Wildhorse Canyon the traveler may obtain a 
much better view of Mount Yale (14472 feet) than that which he 
obtained near Buena Vista. Here it appears as a single peak directly 
across the valley, with the sharp summit of Mount Princeton on the 
left and the great rounded mass of Mount Harvard (14,399 feet) on 
the right. A little farther along he may see a great hollow that 
apparently has been scooped out of the east slope of Mount Harvard 
on the side facing Arkansas Valley. This hollow is semidrcolar in 



Digitized by Google 



V. 8. OEOLOGICAL SURVEY 



BULLETIN' 707 PLATE XLVII 




A. NATURAL GRANITE MONUMENT. 

This strikinK remnant of mosHivo granite at thi; uppi^r nnd of Wildhon«e Canyon standi^ tu the 
ricrlit or tiie trtir.kH and is at least 60 feet high. The granite is cut by dikes of other material, 
wnich show in the picture. I'hott^raph hy Murius R. Ciimpbell. 




n. I'OTHOLhS IN (JRANITE BOULDERS. 

Id Brown Canyon there are manv largr granilo boulders around which in ordinary stages the water 
swirls and boils but which in floods are completely submerged. The rushing curn-iil n>lls rtHind 
and round small l>oulders cuught in hollows of the larger blocks, cutting great circular pits called 
"potholes." I'hotograph by Marius H. Campbell. 
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outline and has a nearly flat floor. From the train it looks like a 
very small feature, but its walls are probably several hundred feet 
high, and it is not less than half a milo across. (See fi«r. 23.) To 
such a semicircular hollow as that on Mount Harvard or the one on 
the Continental Divide west of Salida (PI. XLV, B) geologists 
have applied the French term " cirque," meaning cin-le. It was 
produced by a small glacier that was formed in a ravine far up on 
the mountain slope. 

As far as milepost 246 the valley has a general width of 5 to 8 
miles, but on looking ahead the traveler may see that it becomes 
narrows and finally seems to dose in completely. The old and 
rather broad valley doubtless continued to the head of the stream 
near Tennessee Pass, but a little distance above Riverside it is so 




Fionaa 23.— Great cirque ou Mount Barvard. 

much filled with gravel and boulders that it is scarcely reoognisaUe. 
Near this constricted part of the valley large boulders abound, form- 
ing a fan similar to the boulder fans observed at the mouths of the 
canyons below. The change in the character of the valley is due to 
the fact that in the Great Ice Age, when glaciers weie active, th^ 
formed mainly on the mountain slopes at or above an altitude of 
ll/XX) feet and flowed down the side canyons or gulches for 
distances that depended on the grade of the canyon and the size 
of the glacier. In the Arkansas Valley below Riverside the glaciers 
that headed in the 8a watch Bange reached only to the mouths of 

the side canyons, but farther north the altitude of 
Riverside. ^j^g valley is so great that they not only reached the 

EieTattoia 8^74 feet mouths of the rock-bound canyons but pushed out 

into the river and filled the mam valley with the 
rocky debris that they had carried on their surfaces or that had been 
embedded in them. This condition prevails above Kiverside, and for 
this reason the valley is much narrower here than it is lower down. 
The glacial material brought down from the mountains crowded the 
river to the east side of the valley and even forced it over on the 
granite of the east wall, as it did in the other canyons below. The 
large blocks of rock that were derived from this granite were carried 
down the canyon and for some distance out on the fiat valley floor. 
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The canyon which the railroad enters at milepost 252, although 
abort, is rather pictmaqne and has a sbeep granite wall on the east 
side, against which the stream has been crowded by the glactal drift 
that was brought down Fine Creek from, the west Through this nar- 
row passageway thexiTer boib and surges over and aroond the great 
boulders that obstruct its course. The glacial drift is first seen as the 
railroad bends sharply to the left, a little above milepost 252. At 
first sight it may not be apparent that this material differs from the 
gravel that composes the terraces below, but careful inspection will 
show that the boulders are all composed of fresh rock and that their 
surfaces are generally smooth and unweathered. It also shows that 
many of them are scratched, or striated, as the geologist calls it, as 
they were brought down by the glacier and held like a giant rasp 
against the rocky sides of the canyon. Such scratches Are regarded as 
reliable indications that the bouldeis have been transported by ice. 

At milepost 254 the railroad crosses the river to the east side and 
follows the east bank for a long distance. In some places the west 
wall of this canyon is composed of granite and in others of glacial 
drift, but the traveler on the railroad train can not determine the 
reason for the presence of the drift until the train has rounded the 
broad curve above the bridge and he is able to see on the west (left) 
up the open valley of Clear Creek. As this view up the creek, 
which is well worthy of attention, can be had only while the train 
is running a quarter of a mile the traveler who wishes to see it clearly 
should be ready to look this way as soon as it becomes visible. By 
looking up Clear Creek he will see that the stream issues from the 
high mountains in a canyon that has a broad U-shaped cross section, 
and that outside the mountains it is walled in by parallel ridges 
of broken rock and gravel that was deposited or heaped up by the 
ice. Such ridges along the sides of a valley are called by geologists 
lateral moraines. The moraine on the north side of Clear Creek, 
at the point where the stream emerges from the mountains, is 700 
feet high, and its front, which is composed of loose material, is as 
steep as it can stand. The moraines run parallel with the creek until 
they reach the river, where they curve around and nearly moet,* 
forming a loop that originally in losed the mass of ice. The glacier 
not only reached the river, but at times pushed a little farther and 
heaped up the loose gravel on its east side. Naturally when such 
a glacier melts ha^ ay the part of the valley it occupied will be left 
relatively free from boulders, and it therefore generally forms a 
swampy tract or a lake siirroimded by a ridge or ridges of p:rnvel. 
The stream quickly cuts a trench in this bounding ridge, so that the 
valley is thus drained through a narrow cleft. The users of water 
far down the Arkansas have taken advantage of this natural site 
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for a storage reservoir and have built a dam across tlie lower end 
of the valley and thus connected the two parts of the moraine, so 
that the swampy area has become a reservoir for the storage of water 
until it is needed in the valley far to Uie east for the irrigation of 
crops. 

Just above the month of Clear Creek the Colorado Bfidland Bail- 
way formerly crossed the Denver A Rio Grande line by an over- 
head bridge, and a short distance farther on it crossed the river and 
continued on the west side of the stream nearly to Malta. Just above 
the crossing the river and railroads enter a granite canyon, which is 
very narrow but of slight depth, and continue in the canyon to and 

beyond the village of Granite. (See sheet 4, p. 134.) 
This village has been the center of large gold- 
dredging operations,*^ but this industry is now a 
thing of the past, and the village is known prin- 
cipally as the stopping point for those who wish 
to visit Twin Lakes, a noted local resort, reached by stage from this 
station. Lakes are not numerous in the mountains of Colorado, so 
that even small ones such as Twin Lakes are highly prized. 

Above Granite the railroad continues in the canyon^ but the walls 
are low and at many places the traveler may catch glimpses of the 
surrounding country. About 2 miles from Granite he may see on the 
west (left) and ahead the ridge of gravel which bounded the glacier 
that once occupied the valley of Lake Creek .nnd TrViir]i 



Granite. 

Klpvntlon 8,943 feet, 
i'opuiation 79. 
Daiv«r257iBilM. 



"In tbe days of '49 gold wbm ob- 
talned ftam gravel mainly by tbe la- 
borious metliod of panning, or by tbe 
nse of the cradlo, both slow and crTirle 
methods that do not appeal to the .^old 
hunter of the present day. The cradle 
and tbe pan gave way to bydraulic 
mtnins, wbldi was a great ImproTe- 
ment on those early methods, as it en- 
abled the operator to hamllp nn onor- 
mous quantity of gravel at slight ex- 
pense, but the waste sand and gravel 
produced by tbe process eo choked tbe 
streams below the operations and so 
preatly Interfpred with t1i(* ^row!nq: 
of crops that laws were passed prohib- 
iting its use. 

Now dredging bas replaced all otber 
metbods of handling placer deposits, 
for It Is the most efficient method yet 
devised, one thnt can show a profit 
even where the gold recovered amounts 
to only a few cents to the ton of ma- 
terial bandied. 

80e»7*— s 



now s'lTv- 



Dredging is practicable wherever tbe 
placer lies in the bottom of a valley or 

on a fairly level surface where water 
is available and where the placer is 
extensive enough to provide for several 
years' oi)eratioiis, A large excavation 
la made in tbe gravel, and In it a 
dredge is built very mucb like tbe great 
dredges used in digging the Panama 
('jirifil The ex'nvHrion is fille<1 with 
water and the tlretlgc scoops up the 
gravel witli its steel buckets down to 
bedrock ; tbe gravel, after it is liauled 
aboard the dredge, is wasbwl for the 
prold. nnd then the refuse is dumped 
back into t)H> )iole from which it was 
taken, llus method «f liaiidliug placer 
gravel requires considerable capital, 
but on account of tbe vast quantity ot 
material handled the returns are fre- 
'I'lently larcre and tbe ojierntifm I"? 
very prohtable. A view of one of the 
dredges used In tlve Ilocliy Mountains 
is shown in Plate XLI, A (p. 81). 
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rounds the Itkes that fill the depression once occupied by the ice. 
The grayel brou^t down by this glacier contains considerable gold, 
aod it has been washed eztensively along the river by hydraulic 
methods and by dredges. The washed gravel now lies in great heaps 
and ridges that greatly disfigure the landscape. 

The railroad emerges fi*om the canyon a short distance beyond 
milepost 262, and the traveler finds that the valley above this point 
ccmsists of flat^ marshy grotmd which extends nearly to the head of 
the stream below Teimfissee Pass. This upper part of the vaUey is 
probably in the same condition as the lower valley was ages ago, 
before the stream had cut its present canyon, and at a time when 
it was flowing at the top of the uppermost terrace that the traveler 
has seen. At that time the lower part of the valley was filled to a 
great depth with sand and gravel, and all the former inequalities in 
the surface were obliterated. The upper valley appears to be in that 
stage to-day. It has doubtless been filled with sand and gravel 
brought down from the ranges on either side until almost all the 
inequalities of the bedrock have been concealed, and on this level 
floor the stream meanders, not exactly slutr^ishly, Yor there is con- 
siderable slope to the surface, but tlic quantity of loose material 
furnished to the Rtrcnm is much more than it can carry away, so 
that it is being continually dropped and thus obstructs the channel of 
the stream and forces it to shift its course to one less direct. If 
conditions were chan<:^ed so that Arkansas River had a sharper 
descent or a greater volume of water, it ^Yould have more cuttin;| 
power, and it would then soon trench this flat bottom, and tlie cut 
edges of the valley filling would stand up as terraces just as the 
terraces stand above the stream lower down. 

On emerging from the canyon the traveler again has an unob- 
structed view of the mountain range on the west, and its aspect is 
very different from the view which he had below Riverside. The two 
most prominent peaks visible from tlie upper en 1 of the canyon are 
Mount Elbert, which stands just above the moraine.-^ of Lake Creek, 
and Mount Massive, which stands farther up the range. 

The altitude of the valley is so great that few plants except <jvi\ss 
can be grown to advantage, but the hay crop is luxuriant, and ; tock 
raising is the principal business. As the train departs more and more 
from the great Tuoraines that bound Lake Creek on both sides the 
mountain peaks back near the head of the creek come into view. 
These peaks are more rugged than mos-t of those that have been in 
sight from the railroad. The accompanying sketch (fig. 24) shows 
the most prominent peaks that can be seen from milepost 2G5 by one 
looking to the southwest. These peaks all appear to the left of Mount 
Elbert, some of them showing from behind the projecting spurs of 
that mountain. La Plata Peak (14,^2 feet) appears in the center, 
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and Grizzly Peak (14,020 feet) in the distance, with the great 
lateral moraine of Twin Lakes in the foreground. 

On tlie east (right) the side of the valley for some distance is very 
hmnmocky, and on first sight it seems to be a moraine, hut closer 
study shows that the glaciers which once came down the gulches on 




FiQUBS 24< — Mountain peaks of Sawatch Kange at bead of Lake Creek, as Been from mlle- 
iwst 265. Horain«fl of Lake Creek in foregronnd. 



this side of the main valley did not extend to the area that is within 
sight of the railroad, and the hummocks are therefore not the result 
of the action of ice but of hindslides and peculiarities of drainage. 
At milepost 2G7 Mount Sheridan (13,700 feet) is the most conspicu- 
ous feature of the IMoaquito Range, on the east (right), but generally 
the peaks of this range are not so rugged nor so high as those of the 
Sawatch Range, on the west. 

Af tei- passing milepost 268 the traveler may see on the east (right) , 
by looking up the gulch past the white wooden schoolhouse, the first 
indication of the presence of the great mining camp of Leadville — 
the smoke of the smelters that may be seen over the top of the ter- 
race or the tops of the smokestacks and some of the surface huild- 



Mt. Sheridan 




Fiaun 26. — Tbe MosQOlto Range as wen from milepost 289, at tlie month of Iowa Gulch. 

ings of the mines. No adequate idea, however, of the extent and 
importance of Leadville can be obtained from the main line of the 
railroad. 

At milepost 269 a good view can be obtained of the Mosquito Kange, 
known also as the Park Bange, on the east. The view from 
this point is represented in the accompanying sketch (fig. 25), 
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which shows the rehitive positions of the different peaks and their 
names. 

The scenerj on the odier ud» is donmuited by the great bulk of 
Mount Massiye and Mount Elbert. Plate XLVni shows them aa 
they appear from the vicinity of Leadville. Mbont MasBi^ (14,404 
feet) 28 on the right and Ifount Elbert (14,420 feet), the highest 
mountain in Colorado, on the left Mount Elbert may not appear 
80 high as Pikes Peak, but the traveler must remember that he is 
looking at Mount Elbert .from a much higher position than the one 
he occupied at .^olorado Springs when looking at Pikes Peak, and 
that the summit of Mount Elbert is only 4,800 feet above him. 

Near Malta, the junction point for Leadville, the level marshy 
valley is more than 2 miles wide. On the east it is bordered by a 
terrace fully 150 feet high, which was formed by the trenching by 
the stream of an older flat»bottomed valley. At Malta some of the 
town of Leadville may be seen. By day the cloud of smoke from 

its mines and smelters marks the location of the 
town, and by night the lights of the streets and 
SiVSJoti »^r*' smelters may be seen 600 or 700 ffeet up the 

slope of the valley on the east (right). As some 
trains of the main line run by way of Leadville, a brief description 
of this interesting mining camp will be given. The description 
of the country along the main line north of Malta begins on 
page 109. 

LEADVIIiliE liOOF. 

On leaving Malta for Leadvilld the railroad turns sharply to the 
east and winds about the gently rolling slopes of the valley side 
in order to get distance in which to make the ascent without climbing 
too steep a grade. At first the road winds up the slope among the 
pine trees, but farther on it comes out upon the edge of a terrace 
that overlooks a small ravine or gulch," ^ as all such features are 
called in this region, and the traveler may look down upon one of 
the smelters which is engaged in extracting valuable metal from 
the ore that is mined in tlie famous Carbonate Hill, a picture of 
which is shown in Plate XLIX. 

Leadville is one of the highest towns in the world, standing 10,200 
feet, or nearly 2 miles, above sea level. It is also one of the oldest 

towns of Colorado, dating back to 1860, the year in 
Leadville. which the site of Denver was first occupied by white 

Ficvat ion 10,200 feet. men. lu 1859 gold is said to have been discovered 

SjS«r276mif«. * 1**^^® f^^^^ enters the Arkansas Valley 

from the east at the site of Malta by a party of gold 
seekers on their way to California, who on that account called it Oali- 

■"This ravine is Califarnla Guicii, in wiaich ^oid was iirtH Uiscovered In tUs 
region In 1899. 
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fornia Gulch. This discovery wiis made late iu the autumn, and the 
party was not prepared to spend the winter there, so they left ; but 
they returned the next year and established a mining camp which 
they christened Oro City (meaning Gold City) and whicli before 
the end of the year had a population of 5,000. Its fame spread, and 
in 1861 it was the most populous town in Colorado Territory. In a 
few years more than $5,000,000 had been washed from its golden 
sands, but like that of all other placer deposits the life of tliis one 
was ephemeral, for in a few years the town was nearly abandoned by 
tiie gold seekers, and for several years it played only a small part 
m the histoTj of the knining region. 

From 1874 to 1877 there was a leyival of interest in the LeadidUe 
region, for silver'lead ores were found at several places in the vi- 
cinity of California Gnldi, but no development was undertaken until 
1878. Before that year the camp consisted of only a cluster of log 
cabins, but in 1878 a "rush*' to the new workings began and the 
camp at once sprang into prominence as the greatest silver camp in 
the world. The Denver & Bio Grande Bailroad wss completed to 
the gulch in 1880, and the camp soon had a population of 80^000. 
During the first decade of its existence the silver and lead produced 
is reported to have been worth more than $120,000,000. Silver min- 
ing was the chief industry until the slump in the price of silver in 
1893. For a time there was great stagnation, and then the miners 
turned their attention to the production of gold, silver, copper, lead, 
and zinc In 1920 the value of the output of the mines of Lake 
County, which includes some mines outside the I^advillo district, was 
$4,320,510. The total metallic output up to the end of ld20 is val- 
ued at a little more than $419,000,000.'>' 



"Tiiu loiiowiug more detailed ac- 
comit of the btstoxy of the Leadvllte 
district la taken largely from the re- 
ports of Emmons and Ining (Geoloprj- 
nnd raining industry of Leatlville, 
Colo.: U. S. Geol. Survey Mon. 12, 
18S6 ; The Downtown district of Lead- 
vfUe, Oolo.: U. S* OeoL Survey BnU. 
320, 1907). 

During the summer of 1859, at the 
time of the great Pikes Peak excite- 
ment, a continuous stream of emigrant 
wagons stretched across the plains, fol- 
lowing Arkansas River up to the base 
of Plkps Pp«k. Many of the wagons 
that had crossed tlie plains in the euriy 
summer, carrying the triumphant de- I 
vice *'Flkes Peak or bust,** retimed ' 



later over the same ruute with the 
device significantly altered to the single 
word Busted," but the more advcak- 

turous of these pioneers pushed reso- 
lutely up tiirough the narrow rocky 
gorges toward the sources of the 
streanw. Bom9 wandered across the 
mountains during the same season into 
South Park and found gold-bearing 
gravel on Tarryall Creek and in the 
neighborhooil of Fairplay. 

Early Ip the spring of 1860 some of 
the prospectors found gold In the gravel 
at the site of the village of Granite, 
and others passed on to Califtjrnia 
fliileh, near tlie present .station of 
Malta, where the most valuable dis- 
covery of the seaKHi was made. Neva 
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Leadville, like most other mining camps, was built around mills 
and mine dumps, and much of it is therefore not beautiful. 

Any description of mining operations in a mountainous region 
like tliat surrounding Leadville, particularly of those of the early 



of the finding of fjold in this gulch 
spread with wonderful rapid ity and 
eager miners flocked In rapiiily. 

Large ytiantitlei of tbe precious 
metal were obtained from the gulch, 
and within a year the town that Wius 
built alonjr its banks, known a« Oro 
City, is said to have had 10,000 in- 
habitants. Estimates of the gold pro- 
duced that year difE^ wi^y, some 
being as high as $10,000,000 and others 
as low as $3,000,000, but the rich 
plHfprs were soon exhausted, and the 
population dwindled in three or four 
years to a few hundred. Some prospect- 
ing was done for fbe veliis which sap- 
plled the gold of the placers, and sev- 
eral niines that gave :i fitful gleam of 
prosperity to the camp were located, 
but the general feeling was one of 
pesBlmism and the settlement was prac- 
tically deserted. The rich silver-lead 
ores, which later were to give this 
region a world-wide reputation, were 
undiscovered, or ratlier unrecognized. 
The miners had gained most of their 
ezporlenee in tbs gold ilel^ of Call- 
fomia, and to these men silver ore was 
comparatively unknown and worthless. 
Few susfpected the value of the so- 
called ''heavy rode fragmoDts of 
iron-stained carbonate of lead which 
obstructed their sluices and had to be 
thrown out by hand. Although later 
many claimed to have known of the 
rich silver-lead ores, their practical 
discovery was dne to A. B. Wood, an 
experienced miner and metallurgist 
who came to the ro^rlnn in 1874. 

Active prosiK>cting over the entire 
region may be said to have commenced 
in the spring of 1877, end the develop- 
meat of rich and productive mines 
from that time on advanced with a 
rapidity that was truly marvelous. At 
the beginning of this era of prosperity 
the settlement consisted of a flew log 
cabins on the edge of Oaliftinda Guldi, 



with an estimated population of 200; 
its business houses consisted of a " ten 
by twelve" grocery and two small 
saloooa The Hucee mines were 
scarcely more than surface scnttch- 
higs, and a lead furnace was planned 
hut not erected. Communication was 
had with the outside world by stage 
or wagon, either acrosi* tlie crests of 
two high ranges to Denver or by an 
almost equally difficult road to Colo- 
rado Springs. In petitioning for a 
post office the names Cerusite (the 
mineraloglcal name for lead carbo- 
nate) and Agassis were proposed but 
rejected as being too scientific Lead 
City was suggested, but finally a com*- 
promise was reached on I^eadvllle. 

In 1880, Uiree years later, the city 
of Leadville had 15,000 inhabitant;^, 
28 miles of streets, and more than 5 
miles of water mains and was in part 
lighted by gas. It had 1.100 pupils 
In daily attendance at its s-fhools, five 
churcheii, three public hospitals, an 
opera house, six banks, and many 
business houses* ccmstructed of bridk 
and stone. Its assessable property Is 
estimated to have been $30.000, 000. 
and $1,400,000 wa.s expended in 1880 
in new buildings and improvements. 
To support this population there were 
over thirty producing mines and ten 
large smelting works, and the annual 
production of gold, silver, and lead 
amounted to $15,000,000. 

This burst of development was con- 
tinued until 1884, but since that year 
the district has maintaine^l a fair de- 
gree of regularity, its average being 
a little more than $9,000,000 a year. 

The value of the total yeaiiy metal- 
lic output of the district from 1877 
to and Including 1917 Is shown in 
figure 26. This diagram shows n^<n 
the values of the different metals that 
make up the output. The total pro- 
duction, as shown by tbe diagram, is 
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or prospecting stage, would be incomplete without mention of the 
humble burro (see PI. L, ^1) , that patient beast of burden which has 
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fairly rejnilflr, except for two marked 
depressions, one iii 1897 and the other 
in 1906. The first of these depressions 



was due to a strike, wlilfli rniiso<l 
many of the mines to become Hooded, 
and the second to the generally low 
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been the pmpector's oonatant companion in his lonely wanderings 
ow these Ueak ranges and his main dependence for the iransporta- 



prlce of the nietnls. One of tlie most 
striking featurt's sliown l\v tlie dia- 
gram ki the remarkable increase in the 
▼alne of the ontpvt of this district 
since 1908, with the ezeei»tloii of 1906, 
1909, and 1910. TJiis prpat infrwise in 
the total has been due largely to the 
marketing of great quantities of zinc. 
In 1015 the sbie snunmted to $8,989,154 
ont of a total of $18^,401. 

Figure 26 shows the gradual de- 
cline in the production of silver from 
a maximum in 1880 and of lead from 
a maximum in 1881-82. Ii also shows 
that at first gold formed only a small 



years it was small. After 1901, how- 
ever, it increased rapidly until in 
1915 it was more than two-thirds of 
the total output of tiie district 

Thus LeodTlIle^ which began in 1800 
as a gold camp, became in 1879 the 
greatest silver-lead district this coun- 
try has ever produceil and in 1915 be- 
came predominantly a rine diatrkt. 

The nature and occurrence of the 
ores of LeadvIUe bear little resem- 
lilnnre to those of tlie Cripple Creek 
district, described on pa^es 47-51. At 
Crii)ple Creek the ores were probably 
deposited ftom waters that asoendea 




FiGfUK 27. — Section through some of the workings at I^eadvillo, showing the relation of 
tlie ore to the limestone, porphyry, and quurtzite. wp, White porphyry ; gp, gray por- 
l^iyiy; M„ LeadrUto limCBtmie; pq* parting quartzite ; wl, white Ilmestoac ; qtz. 
lower quartzite; gr, granite. The ore bodies are indicated by crosa hatching. The 
straight heavy lines represent faults, and the arrows show the direction of movement. 



percentage of tlie whole but that in 
1893 it began to increuiie and that in 
1900 it attained a maximnm of 
$iJBO0fiO(K Since that time It has 
run fairly regularly at somewhat over 
$1,000,000 a year. Copper betran to 
form a notable percentage of tlie total 
in 1889, but since that year the out- 
pat has been very regular, its value 
amonnting to about $500,000 a year. 
The production of zinc has become one 
of the spectacular featun's of tlio 
Leadville district. The production of 
this metal first became noticeable In 
the returns for 1886» and for a few 



from deep In tlie interior of the eartli 
tlirough lissures in the breccia that 
filled the throat of an old volcano^ At 
Leadville the ores replaoe limestone, 
but they are closely associated with 
slicets of porphyry that were forced 
while molten in between the layers of 
limestone or between the limestone 
and adjacent Quartzite. This 
lation is shown in figure 27, which 
represents a softion through some of 
the workings. Whether or not the ores 
were brought to this place by waters 
asettiding from great dq;»th or bj 
waters sinking down throuf^ cracks 
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tion of supplies while he has been driving tunnels in search of ore ; 
which has carrrad lumber and othfir matmal for building mine 
works and even heavj machinery up the sto^ mountain trail& 

MAIM IiIN£ OF BAIL.ROAD FROM MAI/TA TO QRANJD 

JUNCTION. 

Soda Springs and Evergreen Lake, two resorts of local interaat, 
are 2^ miles west of Malta. Evergreen Lake is said to be Tery attrac- 
tive, and Soda Springs is much visited by those who hope to be bene- 
fited by the use of the waters. 

A little north of Malta, at the crossing of a strong stream from the 
east known as the East Fork of the Arkansas, the north end of the 
Leadville loop connects with the main line. The East Fork heads in 
the Mosquito Bange, on the Continental Divide, northeast of Lead- 
ville. The pass between the head of this stream and Tenmile Creek, 
the head stream of Blue Kiver, has been named Fi-emont Pass, on the 
supposition that Fremont crossed the range at this place in his ex- 
pedition of 1845, but the ^' Pathfinder " probably crossed at Tennes- 
see Pass. 



in the rocks froto the Borftoe has not 
jhaoending from great depth or by 

!«\'aters sinking down through cracks In 
the rocks from tiie surface has not 
been satisfactorily determined, but 
sfaMie the ores were orlgliialty de- 
IMMitsd Uiey liavs oertalaly hoai eoa- 
oentrated by what is called "enrich- 
ment" — that is, by the sohition by 
surface waters of the Uissemiuated ore 
and its redeposition at a lower level. 
The otea are seneraUy most abundant 
beaoath the layers or "sills "of 
phyry, but they fire fonnd also In SOme 
plac^ below thr (luart/.ite. 

The ores originally consisted of sul- 
phides Oft the prindpal metala-^sad, 
sine, copper. Iron, and probably sil- 
ver — but the silver was so nmch dis- 
seminated that it has bf^en dilUcult to 
detect Geologic work in the district 
has shown that the ores were deposited 
after the intrusion of tlie gray pop- 
phyiy into the limestone and before 
the rocks were broken by the faults 
shown in figure 26. After they were 
deposited in fissures and solution 
cavittea In ttut limestone much of the 
•(verlying ii^ finfi^ of rock was removed, 
and the ores wcrp brouprht within the 
aoae o£ weathering by surface waters. 



When the sulphides were thus ex- 
posed to weathering they were dis- 
solved, changed to carbonates and 
oxides, find r(xk'pt)Hited by the de- 
scending surface waters in a rather 
narrow oone, wlilch has yidded moi^ 
of the ores mined up to the preset 
time. The extreme richness of the sil- 
ver ore mined when the camp was at 
the zenith of its fame was due to the 
tact that the silver was redeposited 
near the surface and was the first TalU' 
able mineEal to be reached in most of 
the mines. Many of the niJnes are 
now working sulphide ores, which are 
much leaner thuu the carbonate and 
oxide ores of the early days. The 
great increase in the value of the zinc 
in 1915 was due both to an Increase In 
the production of ori' and to a great 
increase in the i)rice of the metaL 
This Increase in price led to the re- 
working of dump heaps for the sine 
ore that had been thrown away In the 
earlier and mcne prodigal exploration 
of the ore botlies. It is perhaps for- 
tunate tliat sine was so UMrly worth- 
less in the early days, for that lect to 
its conservation until the World War, 
when the demand for it was uqpxece- 
deuted. 
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Long ago, in the Wisconsin sta<re of tlie ^jlacifil epoch, a p:reat 
glacier canre down EaFt Fork to a point witliiii a mile and a quarter 
of the Denver & Rio (hande Western Railroad. This great river of 
ice scoured the valley clean and left it with a broad, fiat bottom and 
a gentle grade. Most of the loose material scoured from the rocky 
sides of the valley by the moving mass was carried away by Ar- 
kansas Biirer, but some was dumped near the lower limit of the ice. 
Another glacier came down Lake Fork from the high mountains on 
the west, and this one was so sbrong that it pushed out across the 
broad, flat valley of the Arkansas, crowding the stream against the 
bluffs on the east side. This glacier dumped a great mass of loose 
material in semicircular form (called a terminal moraine), which 
the traveler may see on the west (left), but he is so far below its 
summit that he can not realize its shape. A glance at the map 
(sheet 4) will diow its semicircular shape, which conforms to the 
curved margin of the tongue of ice that laid it down. 

About halfway between mileposts S74 and 275, a mile beyond the 
crossing of East Fork, the railroad is crossed by a hig^-tensioa elec- 
tric transmission line, which is carried on steel towers. This line 
carries the power generated in a hydroelectric plant on Colorado 
Eiver,*** which the traveler wiU see at Shoshone, 10 miles east of 
Glenwood Springs. As the transmission line for such a plant is very 
expensive, it follows as strn i <:ht a course as possible without regard to 
mountains or canyons. For this reason it does not follow the Denver 
& Rio Grande Western Bailroad eastward from Shoshone but turns 
to the south and passes up Roaring Fork and Fryingpnn Creek to 
Hagermann Pass. From this point it descends Lake Fork and 
crosses the Denver & Rio Grande Western, as noted above, and thence 
goes to Leadville, where much of the power is utilized in the mines 
and mills. The Htir then turns northeastward toward Denver and 
crosses Fremont Pass to Tenmile Creek, which it follows to Dillon. 
From Dillon it runs due east and crosses the Continental Divide for 
the third time at Argentine Pass. It then descends Clear Creek, 
serving. Idaho Springs, Central City, Blackhawk, and finally Denver. 
'1 he traveler who visited Monnt McClellan while at Denver probably 
noto l t]ie steel towei-s and the wide swath cleared of timber for this 
line along the mountain slopes. 

Near milepost 275 Arkansas Valley regains its normal width of 
about 2 miles. The constrictions lower down are due entirely to the 
moraines of the glaciers that flowed down from the mountain valleys 
on the west. Another glacier from the west filled the valley above 
milepost 278 with a great moraine, which also crowded the stream 

"•The name of Otand River, In Colorado and Utah* liaS vecentiy been dHanged 
to Colorado Biver by act of OongresB. 
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againsL the cast bank. As the roadbed is cut in tiie hillside it ex- 
poses some quartzites and limestones, tlie beds of which are parallel 
with the railroad and dip to the east. These beds probably rest on 
the granite that foims the foundation of the earth's crust in this part 
of the country, and they are visible for some distance along the rail- 
road track. On the south aide of Tennessee Pass, however, the beds 
are so poorly exposed that the traveler on a passing train can get 
only momentary glimpses of them. 

At milepost 281 the slopes of the valley are gentle, and it seems but 
a little way to the Continental Divide. When the nanow-gage rail- 
toad was first built it climbed over the summit of Tennessee Pass, 
but now it saves about 250 vertical feet of this otimb by a tunnel 
2,^72 feet long. The station of Tennessee Pass is at the south end 

of this tunneL After running a short distance into 
TeBBCHcePaM. ^ tunnel the engine ceases to labor and finishes 
Elevation 1 0.240 fe«t ths long stssdy climb from Puebb. So far as the 
enrer m es. ^jij^qi^ Carry lum toward it the traveler has 
now attained the crest of the continent. 

The heaviest grade on the main line on the east side of the Con- 
tinental Divide is 1.42 per cent, or 75 feet to the mile. This grade 
extends with few interruptions from Buena Vista to Tennessee Pass, 
a distaiice of 41 miles. The heaviest grade on the west side is 3.3 
per cent on the westbound track. This grade is maintained for a 
short distance above Mintum, but throughout most of the distance 
from Mintum to the summit the maximum grade is 3 per cent, or 158 
feet to the mile. 

After emerging from the tunnel the traveler may look back and 
see the apparently low summit of Tennessee Pass. If it were not at 
the backbone of the continent and the parting of the waters of the 

Atlantic and Pacific it would not attract attention, for it is only a 
low, flat cross ridge against which the streams hetirl that flow in 
opposite directions to the two oceans. The Arkufi as drainage has 
become familiar to the traveler, and now the drainage of Eagle 
River and Colorado River will become equally familiar as the train 
descends these streams on its way to the western border of the State. 
Some travelers may find the Continental Divide disappointing, for 
they may have pictured it as the sharp summit of a single mountain 
ridge; but the Rocky Mountains form a great system of interlocking 
and parallel ranges, only a few of which have sharp, narrow crests, 
most of them having rounded summits that are not particularly 
imposing. 

North of the tunnel the railroad is at the headwaters of Piney 
Creek, down which it winds and twists to maintain an easy grade 
to the main stream, which heads on the flanks of Homestal^ Peak, 
on the west. This valley is geuerally covered with forest except 
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near the railroad, where the trees have been cut for use in building 
the railroad and in working the mine& It is now a part of the Holy 
Cross National FoiMt, which is deacribed by Smith Biley in the foot- 
not©.** 

Like most mountain valleys that stand at a high altitude the valley 
of Pinay Creek is broad and has gentle alopea The old roadbed 
of the narrow>gage line, which ccossed the summit of the pass, may 
be seen on the left of the present road, several hundred feet above it. 
The old line made a great detour to the west into the main valley, 
and its bed joins that of the present line at the station of MitcheU. 
Few rocks can be seen in place, but the timnel at the pass was driven 
in granite, which is exposed also from place to place in cuts on the 

railroad. Just below Mitchell the stream has cut a 
Mitchell. rug:ged trench in the granite on the east side of its 

BteraUon njm Xwt valley, upon which it had been crowded by a great 
Semr^Mi^eiL mass of boulders and clay pushed out by a glacier 

that came down frorti the west. This jrhicier came 
at least as far as the creek, and at times the ice probably turned north- 
wan] and followed the creek for Severn 1 hundred yards. The condi- 
tions here resembled those that prevailed in Wildhorse Canyon, 
already descr 1 1* c d . 

Below this point the stream has cut a deep gorge in its rocky floor, 
and its descent is so rapid that the railroad can not follow it, but 
climbs down more gradually along the west wall of the canyon. The 



** After iKUKlng through the tunnel 
at Tennessee Pass tb» tntveler eaters 

the Holy Cross National Forest. This 
forest, which rovers 577,U31 acres and 
includes part of the drainage basin of 
Eagle Blver* takes Its naine teom the 
famous Mount of the Holy Crossi 
which lies within sight of the rallroAd 
but some distance to the west. 

West of Minturn the boundary of 
the forest follows the lower line of 
tfaiiber growth back sooie dlstaace 
Aom Bsgle Blver valley. The min- 
ing cnmps of UedclifP and Oilman are 
furnished with timber from the dead 
trees on the large tracts that were 
swept by fires before tbe national fot^ 
est waseiuated. Some dimsmlOB lua^ 
ber is cut from the green Enpleumnn 
spruce in the vicinity of Redcliff, but 
most of it Is shipi^ to tiie mines at 
Leadville and in the surrounding 

coaatrjt and some Is flapped westward 



and made into crates for the fruit that 
is raised In the vicinity of Grand 

Junction. 

The trout fishing in the waters of 
the Holy Orosi» Forest is excellent, and 
the Bureau of Fisheries and the Forest 
Service keq» the streams and lalcee 

well stocked by yearly "plants" of 
young fish. (See PI. LI, B.) Game 
animals and birds of all kinds are con- 
sidered a big asset to the national 
fbrest, and efforts are made to prateet 
and develop them, but predatory ani- 
nials are eagerly hunted and destroyed. 
During tlie winter, when tlie weatlier 
is severe and food is scarce, the wild 
animals are etoseiy watched by the 
forest olBoeBB, and If found eaffestng 
for want of food the State game au* 
tliorities are Informed and steps are 
taken to feed them. Wild deer and 
mountain sheep (see PI. LVII, A, 
p. 382) feed eadi winter in Glenwuod 
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A. WILD AMMALS IN A NATIONAL FOREST. 

The United States Forest Service is making; vi>;orou3 elforts to restock the noUonnl foresla with 
wild nnimalH. This picture shows u herd of elk recently sliipiHHl from Wyoming and luriiod 
l(Ki8C ia the Holy Cross National Forest. I'hotopraph hy the li. S. Forest Service. 




B. STOCKING A STREAM WITH FISH IN A NATIONAL FOREST. 

The sirenms in the Holy Cross National Forest are stocked witli Iroiit fry so thai anclers who 
viitit tilts resiuii will l>c rewarded for casting a fly. Photograiih by the U. S. Forest Service. 
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old nanow-gage tawsk swung to the east, making « broad loop up 
the East Fork of Eagle Bhwr, and flien wisnt northward to Pando, on 
the level floor of the old lake basin, now called Eagle Park. This 
grade is now utilized by the automobile road that in a general way 
parallels the Denver & Bio Grande Western Bailroad from Leadville 
to Grand Junction. 

In the vicinity of Eagle Park the granite is overlain by sedimentary 
bedded rocks that were laid down countless ages ago as sand on the 
shore of a sea. Since that time they have been crushed in the move- 
ments in the crust of the earth that have raised up the mountains. 
They have been permeated by waters bearing silica in solution until 
all tiie pores of the sandstone have been filled with silica or quartz 
(quartz is a form of silica) and the rock has become a glassy white 
quartzite. This rock crops out nearly parallel with the railroad and 
dips from 10° to 20° E. It may be seen in the mountain side on the 
left nearly 400 feet above the railroad, and its nearly horizontal beds 
are on the opposite side of the valley about 150 feet above the creek. 
This mountain side is really the eastern slope of the great Sawatch 
uplift, or, as it is frequently called, the Holy Croes Mountains, 
which lie west of the railroad. The mountain slope on the other side 



Canyon, and it is no uncommon sight 
to see laige herds of these animals near 

the railroad. 

Before the white mnn come to the 
mountains of the West game animals 
of every kind were abundant in thein. 
NoWt even in the national forests, 
which are their natural hahitat* there 
are many areas in which they can not 
be fonnd. In many of these areas, 
however, wild animals of many kinds 
could no doubt be propagated and 
made a flonrce of remiiie. The Forest 
Service ia restock ing such areas by 
shipping game ariii^nls rolorndo. In 
shipphig tliesc niiMiils en re i« fjiken 
to send them to areas that attord both 
sommer and winter p«8tnrage. The 
settlement of the vaUey lands of the 
State has cut off wild anlmali^ from the 
valleys, where there is ouly u light fall 
of snow during ilie winter, and has 
limited their range to the higher coup- 
try. The larger game animals of this 
country, however, must have winter 
feeding grounds where the snow is com- 
paratively light. Even the mountain 
sheep, which during the summer iu- 
Iwblt exposed regions near timber line, 



migrate in winter to areas that have 
exposures to the south and west, where 
the sun and wind Ice^ the grass free 

from snow. 

riate IJ, ^1, shows- a number of elk, 
part of a herd of several hundred that 
were sblpjped to Colorado by the Forest 
Service and turned loose in the moan- 
tain region. Recent reports show that 
these animals are contented and are 
Increasing rapidly. 

When the State law was passed pro- 
hibiting the killing of etk several herds 
of native elk still remained tn the 
mountains. There are 2,000 nr more in 
fho White Hiver National Forest north 
of Glen wood Springs, 30 on Williams 
Blver In tlie Leadville National For- 
est, 250 on the south fork of the Hio 
Grande In the Rio Grande National 
Forest, 200 In tlie Gunnison National 
I'orest, and 80 in the Durango Na- 
tional Forest. Mountain sheep are 
plentiful near timbw line and black- 
taOed deer throughout the mountains. 
Having so large n stock of wild ani- 
mals to start with, Colorado can again 
become one of the foremost "bi^ 
game** States of the West. 
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of the rallcj is eonipofled mauily oi rotka thai overlie the qnartziteY 
and if a trench were out from the top to the bottoBi of the dope the 
roeks would appear as eibown in figure 88. 




FlOOBB 28. — Soctlon arross Eagle Park, showing the thin cap of quartzlte on tfco west 
(left) and the same bed dipping into the baae of tba alofpe on the opposite aide. The 
beda dip eaatward, away from the Bawateh or H0I7 Cvoss anticline. 

Near milepost 286 the traveler has an unobstructed view to the 
east (right) up the valley of the East Fork of Eagle River almost 
into Fxemont Paas. The width of this valley suggests that it has 

been occupied by a great river of ice that origi- 
nated in the high summits of the Mosquito 
Ran^e north of Leadville and flowed down 
Eagle Ri\ er valley to a point where the melt- 
ing exceeded the supply of ice from above, 
but tlie region has not been examined carefully 
enough to determine this point. 

In descending the west wall of the valley 
the traveler may look down upon the level sur- 
face of Eagle Park, and one of the features 
that may attract his attention is the crooked 
course of Eagle River, which wends its way 
down the valley in many bends or meanders. 
These bends, as seen from a point midway be- 
tween inileposts 286 and 287, are shown in the 
aooompanying sketch (hg. 29). Courses so 
crooked are not' limited to streams in mountain 
regions but are characteristic of streams that 
Fiovm 29. — Meanders of flow on flat surfaces with a grade insufficient 
pI^k^n^r^Dei^. ^ enable them to straighten their channels. 
.^^ The .cause of the flat surface here was a dam 

foixned by a i^lader in the valley at Paado. In the p<md above this 
dam mud accumulated, and when the ice disappeared the valley was 
left with a flat mud bottom, which has since been covered with a thick 
layer of turf. 
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A little below this point, at tb» signal tower of Deen, is the be- 
ginning of tiie double track that extends from that place through 

Eagle Canyon to Mintarn. 

The railroad follows the outcrop of the bedded rocks, which main- 
tains, at least as far as Pando, about the same relative position as 
when first seen — that is, about 500 feet above the valley floor on the 

west and 100 to 150 feet on the east. Just after pasdng milepost 
288, half a mile above Pando, the traveler may see on the east (right) 
a low ridge of gravel, which extends across the valley and which is 
thought by some geologists to have constituted the terminal moraine 

of a very old glacier that once came down Home- 
Pando. stake Valley from the southwest, though the writer 

Elevation 0,200 feet, thinks that it was more probably the tenninal 

moraine of a great glacier that came down to 

this point from Fremont Pass; but, as already stated, the region 
}ifis not been examined with siifHcient care to justify a definite state- 
ment ftn this subject. The trench thnf the siream has cut in the 
moraine has been tilled by an artificial dam, and the pond above the 
dam is utilized for making ice. 

. At Pando the railroad turns abruptly to the right and follows the 
river across the broad valley to its eastern wall. The reason for this 
abrupt change in the course of the railroad from one side of the 
valley to the other is that half a mile below Pando the valley, 
althou<rh broad, is almost completely block', d by a great mass of 
gravel and boulders, which was brought do\s n by a glacier that once 
descended Homestake Creek, on the west, but pushed a tongue of 
ice into this valley. (See PL UI.) The material brought in by 
this glacier obstructed the drainage of the valley so much that the 
river was forced against the east side, and the railroad has followed 
the pathway kept open by the stream. The course of Eagle River 
has been greatly affected by this glacier and by the morainic material 
which it deposited.** 



" A critical observer will see clearly 
that Eagle River did not originally 
find its outlet down its present canyon 
below Pando, wltich Is too narrow for 
a stream' of tts Tolimie, bat that it 
once flowed westward across the low 
divide to Homestake Creek. ( See PI. 
LII.) In other words, Eagle River 
here once turned to the west (left) 
and flowed Dorfcbward dawn wbat is 
now tiie lower oonne of BraMstake 
Creek. The interesting question then 
arises, What could have happentnl to 
caaae a gtreaw like iJagl^ iUver. lirmly 



intrenched in a deep valley, to change 
Its course and ean-e for Itself n new 
valley? Manifestly a stream can not 
mate BDCh a change unless It is com- 
pelled to do BO by some obstmctlon. 
What could have been the obstniction? 
As there is conclusive evidence that 
the valley of Homestake Creek was 
once occupied by a great glacier it 
seems obvious tbat Ice was tbe bai^ 
rier wlileb iwemnted Bai^e River tnm. 
pursuing its original course and forced 
it to seek a nev.- nutlet toward tJie 
north. The conditions tin they were 
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As the railroad curves about the terminal moraine that marks th^ 
lower limit of Ihe glacier the traveler may catch, far to the west 
(left), a fleeting glimpse of the Mount of <^e Holy Cross (18,986 
feet), so named because the snow on its east slope clings throughout 
the summer in a great vertical cleft that extends nearly the whole 
height of the mountain and in a horizontal cleft that crosses the 
vertical deft, the two together having the form of a cross. The 
Mount of the Holy Cross is familiar to many persons through 
Moran's painting, which has been reproduced extensively in colored 
prints and postcards. It is doubtful whether from Pando the trav- 
eler can see, even in the best weather, more than the crest of the peak, 
but farther along the road, near Mintum, he may obtain a somewhat 
better view of this well-known mountain. The cross and the moun- 
tain that bears it are well shown in Plate LIII. 

In some places the rock beds are bent upward and the underlying 
granite appears in great irregular massesi but beyond such bosses, 
which continue only for short distances, the quartzite takes its ac- 
customed place at railroad level. 

The course of the river is nearly due north to the junction with 
Weary Man's Creek, which conies in from the east. The combined 
stream turns abruptly and flows west until it joins Homestake Creek 
and is again in its rightful valley. At the sharp turn from north to 

west is situated the mining camp of Redcliff, which 
is also the county seat of Eagle County. This val- 
ley was the route of an exploring party under the 
command of Capt. (afterward Gen.) John C. 
Fremont, and a flag on a rocky eminence on the 
ri^t of the railroad in IRedcliff is said to mark the site of nn pn- 
gagement with the Ute Indians in one of his expeditions between 
1842 and 1845. 

Severnl mines arc in operation in the vicinity of Kedcliff. anH 
others mav be seen in the canyon between Eerlcliff and Minturn. 
(Sec Pis. L, and LTV.) Some of these mines have found gold 
in the ^n-anito near the railroad track, but most of them are operat- 
ing in the iieadvUle. limestone at the top of the canyon wall and the 



BedcUff. 

Elevation R.G08 feet. 
Populatioa 347. 
DMiver 294 mlleB. 



at tiiat time are Aown on the aecom- 
panylng map (Pi. LII). 

The contrast of the broad valley 
aboTc Pando and the narrow rocky 
gorge into which the stream plunges 
near mUepost 290 10 striking. T6 add 
to tHe raggednees of the scene tbe 
quartzite, which up to this point has 
been high up on the slopes, especially 



on ihe weit side of the ▼alley, is liere 

at creek level on the right; and at 
mllopost 290 the ha-^^o nf the quartzite 
crosses the stream and makes cliffs 
on both sides of the gorge. Tl»e gorge 
is so aarrow that It can accommodate 
only the stieam and the railroad, bnt 
even in order to build the railmad 
much cock cutting was neooosory. 
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MAP OF HOMESTAKE GLACIER, COLORADO 

Showing how It dammed Eagle River and forced that 
stream to follow a new course below Pando 

Contour iiiter\'Bl TM and lOO feet. 

1922 Gc 



DBirVEB A BIO GRANDE WESTERN ROUTE. 



117 



products axe silw, lead, and zinc. At the station at Beddiff the 
granite may be seen on the rights and above the granite towers a 
great cliff of quartzite, making an imposing entrance to £agle BiTer 
canyon, which begins at this point and extends down the stream for 
a distance of 4 miles. Overlying the quartzite, but hardly visibls 
from the station, is the outcrop of Leadville limestone, marked every- 
where by mines and prospect pits. Above Ihe limestone may be 
seen here and there ledges of red rock belonging to the upper part 
of the Carboniferous — the same formation that is so conspieaous 
about Howard and Salida. 

After leaving the station at Hedcliff the traveler has just about 
time to turn in his seat and see the mouth of Homestake Creek on 
the south (left). Eagle Kiver once occupied this vall^, as already 
explained, but was turned out of its course by the glacier that came 
down the creek valley from the high mountains on the south. The 
glacier did not quite reach the site of the railway below Redclijff, but 
at the time of its jn!;reatest extension its front was only a few hun- 
dred yards away. Below the mouth of this creek the railroad fol- 
lows the river through Eagle River canyon, which is not so deep 
as many gorges cut by Arkansas River on the other Ride of the Con- 
tinental Divide, though for narrowness and pictureiHj[ueness it is 
excelled by few. 

Tlie stream, which has here become a river, tumbles down through 
the narrow gorge, dashing its spray over the great boulders that 
obstruct its pathway. The walls of the canyon rise in jagged pinna- 
cles to a height ol -iOO or 500 feet and on the east ai'e capped by 
banded quartzite, the projecting points of which look like ruined 
castles perched on the rocky walls. Mining has been carried on in 
this canyon and on the surrounding mountain slopes for many years, 
and the walls are honeycombed with old prospects and tunnels driven 
in search of gold. The ores obtained in the limestone above the 
canyon were lowered to the railroad on inclined tramways or aerial 
cable lines, the remains of which may be seen along the east wall at 
points where an unol)structed passageway could be obtained from 
the head-house, which seems to have a precarious footing on the 
l ocky slope, down to the railroad. For some distance all the mines 
seem to have been abandoned, but near milepost 296 the river swings 
to the east and the sedimentary rocks, which dip in that direction, 
are much lower than they are farther up the stream. Here there 
are several large mines (see PL L, p. 105), and the mining town 
of Oilman has been buUt on a rocky point that projects into the 
canyon firom tiie east at a height of several hundred feet above rail- 
road level. The mines are in the Leadville limestone, which lies 
above the precipitoim walls of <juartzite and granite, and the traveler 
80097"— 22 D 
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may be able to see some of the ore being lowered to a mill in the 
bottom of the caifyon.'" The ore is crushed in this mill and partly 
separated from the rock with, which it is associated and is then 

shipped to some smelter for reduction to the metallic 
BeUen. state. At Belden the quartzite is about 100 feet 

eievatioo 8,804 f«et. above the railroad and has a thickness of 250 to 
Denver S;^^^^^^^^^^ 300 fect. It is owlain bj the LeadvUls limcstoDO, 
which shows at the top of the canyon wall. 

Eagle Biver canyon is so narrow that in building the second track the 
Denver & Rio Grande was forced to use both sides of the river and 
even there had to tunnel through many of the projecting points of 
rock. (See Pis. I/, and LV,^.) The westbound track fbUows t^ 
east side of the canyon and the eastbound track the opposite side. 

For a short distance below Belden the canyon continues narrow and 
rugged, but its course is more and more toward the east, and the 

"A. H. :!ileaus in Economic Geologj-. vol. 10, p. 4, 1915, gixea the ioUowlag 
section of tlie roclijs in the Eagle lUver canyon : 

Section of roekt e^poaed in Baffle River canyont Colo. 



Age. 



Gbaraefcr. 



CarbonifCTous: 
Fomuiylvanian. 



Cambrian. 



tppian. 



Sandstone 

Sandstone. 

ShaJe. 

Porphyry (intrusive). 

X4lMBfone, gray and wliito . 

QnarMte 

Onuifto 



Fo fwa t tOD . 



Maroon formatiou. 
Weber sandstone. . 
Weber shale 



LcadvUie limestone. 
8a«»tcb qnartiit*... 



Thick, 
neas. 

r ■* 

Fed, 
1,900 
3,900 
«) 
■ W 



llo^urding the ores and the mines 

Mr. IMt'ans snys: 

" TlU' oro (lt'i»<»*it^< of the district 
are conlined to a relatively «mall 
area, the largest part of i^feh U«b 
in the canyon of Bagle River between 
ReddilT nnd Gilnmu, a distanct> of 
about 3? niflos. The deposits majr be 
divided as follows: 

"(1) FiBsure veins in the granite, 
earrylns principally gold and Bilver 
with some copper, lead, and sine. 

"(2) nopI;icpiiionts i7i tho qnnrtzlte, 
couHisiini; of bodies of zinc bleiuie .-md 
galena, also narrow veins carrying 
sold and sil?ec. 

"(3) Beplacements In tbe Umeatone, 
comprising large bodies of ainc blende 
and consldt rnlile deposits of chalcopy- 
rite and pjrrite." 



According to Henderson the value 

of all the metals produced in Eajrlo 
County from 188U to the end of 1020 
is ^23,8;i4,8;i8. The ores uiuied here 
are the same as those produced in 
the LeadviUe district, and the field 
has had a somewhat similar experl- 
orop. on fi mnoh sitmllfr srnle. The 
tanii> started as u silver-lead camp, 
but a little gold also has been mined. 
The mines produced alH>ut $1,500,000 
a year In 1883 to 1886. In 1806 copper 
h^jran to be mined, and in 1D05 the 
zhw ralneil beciime of sufliciont value 
to be noted in the reports of produc- 
tion. In this camp, as at LMdvijile, 
sine sprang Into prominence in 1914, 
und in 1915 it led all other metals in 
the vniiie of its output, which amounted 
to $1,381,577. 
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A. noCIItS MOUTONNfiES. 

The Breal pincicr that orifnnaird near the Mount of iho Holy Cross flowinl down Cross Crock, 
routuiint; and polLshiii}( every projcclinp iKiiiil of the frraiiitc rock. Such rock forms, owidk to 
their fancied rcsembhince to the backs of sheep, arc cjilled by iho French "rochcs moulonnfies." 
Pholoffraph by W. H. Jackson. 




n. KAGLK KIVEH CANYON. 

An caslbound train passinK Ihroiiph luiKle Hiver canyon. View from ii point near hejden, hM>king 
tipstreain. 'The remains of old mines are visible just below the top of the canyon wall in the 
distance PholoKraph fu^ni^i)lcd liy thu Denver & Hio Gruudc \\ csilcru Ruilroud. 
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A. K\r,LE VALLEY NEAH EDWARDS. 

Although most of the vnlley of Eagle Biver hrtween Minium nnd Wnlcott is more than 
7,000 fw;t above iM^a levrl, gcMxi cro|w of (ilfalfii, the nn)rc hnnly grains, and jKilalocs 
arc raised. The ranch buildings are UHually aubstantini and the ranchrtn well kept. 
In the s(jft light of the evening the fields of waving grain make a very pretty picture. 
Photograph by M. (). lA^ighton. 




B. RECENT VOLCANO IN EAGLE VALLEY. 

From the dark hill in the middle background came the last volcanic outburst in this part 
of the country. FrngmenLs of dark lava Htill cling to the slo|>cs, showing that the lava 
flowed down to the bottom of tlic valley. I'hotograph by Marius R. Campbell. 




C. EDGE OF RECENT LAVA FLOW. 

The lava flowwl out from the volcano shown in B until it reached the river; there it 
8lop[M>d. This is a view of the edge of the flow where it is washed by Eagle River. 
Photograph by M, O. Xxii^htoa. 
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result is that the quartzite stetuliiy approaches railroad level down- 
stream. About half a mile below milepost 297 the quartzite reaches 
railroad grade, and a short distance below it passes beneath the 
stream and is lost to view. 

Just before reaching Rex siding the traveler may see on the west 
(left) a ridge of loose boulders, which seems almost like a dam 
thrown across the valley of. Eagle Biver. Doubtless he has already 
learned to recognize snch an accumulation of boulders as a moraine 
that was pushed out by a glacier ftona some side TaUey. This moraine 
was built by a large body of ice which descended Cross Creek from 
the high peaks of the Holy Cross group of mountains. The boulders 
were carried entirely across the valley of Eagle River, showing that 
the ice filled the valley to the foot of the slope on the east side. The 
glacier expanded when it reached Eagle Biver, so that its extremity 
most have resembled a fan, and it covered the area on which the rail- 
road has been bmlt for a distance of 2} miles. One of the great blocks 
of gneiss which it carried to the foot of the slope on the farther side 
may be seen on the east (right) of the tra<^ near Elk Creek. It 
is 40 feet long and 25 or 30 feet wide, and its top stands 12 feet above ^ 
the ground. 

Cross Creek is noted for the peculiar forms that were produced 
along it by the passage of the glacier over its granite bed. As the 
glacier found the floor of the granite canyon somewhat irregular its 
principal work was to round off and polish the projecting knobs. 
The rounded masses of granite in this canyon, called roches mouton- 
n^es" (rosh moo-ton-nay are shown in Plate I*V, A. This name 
has been applied by French geologists to such rounded roc ks on 
account of their fancied resemblance, when seen at a distance, to the 
backs of sheep. 

At Rex siding the top of the quartzite is at railroad level, and tlie 
Leadville limestone may be seen on the left, where it forms several 
knobs. Its color is light blue, and it is easily distinijruishable from 
tlie quartzite, which has a yellowish tone. As the railroad swinp^s 
to the east and the rocks dip in the same direction the Leadvillo 
limestone soon disappears below the bottom of the valley, and the 
only hard rockh jn yiglit are the Carboniferous sandstones and sliales, 
wliicli ^ive to the slopes on the east (right) their banded appearance. 

One of the most notewodliy features of this part of the Denver & 
Kio Grande Western Railroad is the Mount of the Holy Cross 
(PI. LIII). This peak stands near the head of Cross Creek, but 
unfortunately no ^ood view of it can be obtained from the train. 
Near the mouth of Elk Creek, however, a fleeting glimpse of 
the luuuiitain may be had. if the traveler is on the alert and looks in 
the right direction. As the train swings eastward and approaches 
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tUo mouth of Elk Creek the traveler, by looking back on the 
west (left) may sec high rn^'^td peaks coming one by one into view. 
Mount Jackson ma}' be seen by looking up Cross Creek, but the one 
peak which he desires to see more than all others is hidden for a long 
time by the high plateau on the south side of the canyon. Finally, 
however, after crossing Elk Creek, which comes in from the 
east, when the train Is near mileport 300 and just before it passes be- 
hind a ridge on the left, the traveler may catch a glimpse up the creek 
valley of the Mount of the Holy Ctosb (see PL LUI), but even 
here the cross itself is not well ^own. Veiy few persons who have 
passed over this road have l>een able to identify this famous peak, 
but if the traveler will look as directed he can certainly see it ludess 

the atmospheric conditions prevent a view of 
any of the high mountains. 

Just after milepost 800 is passed the moraine 
that marks the other limit of the Cross Creek 
glacier appears across the river as a sharp and 
distinct ridge which curves parallel with the 
railroad, and a good view of its tree-covered 
slopes may be had from the train. This moraine 
is composed of sand, clay, gravel, and boulders 
brought down by the ice from the high moun- 
tains on the west, and the glacier that brought 
this great mass of material marked the last 
stage of glaciation (Wisconsin) that affected 
Korth America ; but half a mile beyond mile- 
post 300 there is on tli c Avest (left) another ridge 
or moraine that is rudely parallel to the other 
ridge just described, but sharply distinct from 
it. This outer moraine was evidently formed 
lonp: before the last glacier occupied the valley, for its slopes are 
more aliected by the weather, and as it is outside of the other moraine 
it must have been formed earlier or else the ice would have de^ 
molished the imier ridge, wh-rli now is the more conspicuous of the 
two. The relative position of the two moraines is shown in figure 
30. The existence of this older moraine shows clearly that glaciers 
were formed in these mountains in at least two distinct epochs of 
time, one of which was much earlier than the otlier. 

The rocks that are so well shown in the mountain slope on the east 
(right) are supposed to lielong to the lower part of the upper Car- 
boniferous or, in other ^\^yvd?,. to have been formed at the same time 
as the earliest ol the great coal Ifcds in tho Appalachian re<z:ion and 
the Mississippi Valley. In the Rocky Mountains some coal beds liave 
been found in these rocks, but most of them are too small or too ioi' 




FiGiRE no. — Skrfch map 
showing old and new 
BomiiMS ahem lllo- 
tnm. 
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pure to be worked profitably. The lowermost of these formations 
is the Weber shale, which lies directly above the Leadville limestone 
but which is so soft that it makes no showing at the surface. Above 
the Weber shale lies 200 or 300 feet of sandstone and shale that have 
a strong reddish tint, and above this for 1,000 feet or more the rocks 
oonsist mainly of light-colored eandatoiie Bepaniled by layers ol 
diftle. On aobonnt of this attematioii of loeks the hillside appean 
to be ribbed hoitentally by beds of white rock. 

As the railroad carves bftek ^ward the west the river cuts into 
the Leadville limestone. The rock is first sem near milepost 801, 
but it rises steeply and at the milepost is 80 feet above the track, 
Here the direction in which the beds of rock trend or strike begins 
to be affected by the northward plunge of the Holy Cross anticline,*^ 
so that the LeadviUe limestone, instead of becoming higher and 



FlODBB 31. — Anticline (at left) and «>ncliue <at right). Pempectivie views and vertical 
seetlosB abowtns the balf-cigar-riiaped mountains of hard ro^ en Uie anddtne and 
tbe canoc'Sliaped point of tbe ajrndtae After WlUia. 

higher as the train descends the valley, dips down the stream, and 
before the train reaches Mintum the beds are below water level. 

The town of Mintum is built on a broad, flat valley bottom in 
which no hard rodos are exposed, but a mile below the station the 

same beds of rock which before were seen only 
in the cliffs on the east form the mountain side 
on the west, showing that the beds of rock are 
swinging more toward the west than they do 
farther up the river. The red sandstone that was 
so conspicuous above disappears on the right about the mouth of 
Gores Creek. This creek is a clear mountain stream that lieads in 
the high peaks of the Gore Range on the enst, some of which may 
be seen by looking directly up its valley. The stream is noted for 



Mintum. 

Elevation 7.825 fe«t. 
Population 298. 
Denver 802 miles. 



"An upward bulge or fold of the 
rocka is termed an anticline; If it is 
long and narrow it is freqjomtly called 
an aidi, bat tf tt is short and neaily 



circular in oQtliue it is called a dome. 
Tiie corMsponding downlOld is called 
a ayacllne. These folds are rqpre* 
seated in figure 8L 
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the fine fiahing that it affords and that tempts many anglers to come 
here to try their luck. The double track which begins above Sed- 
diff ends just below the bridge orer Gores Creek. 

At the point where the red sandstone and shale pass below railroad 
level near Gores Creek the cliff on the right is composed of the over- 
lying light-colored sandstone and interbedded darker shale. At the 
mouth of the creek these beds dip about 80*> N£. A 'short distance 
below the mouth of the creek the riyer bends sharply toward the east, 
and in so doing it cuts more directly across the luird ledges of sand- 
stone which compose the bulk of the formation. As these rocks are 
harder than those either above or below, the canyon cut by the river is 
narrower and more rugged than it is in the vidnify of Mintum or 
below that place, where the beds are much softer. After making a 
great curve to the right the sandstones (Weber formation) abruptly 
come to an end. As the train passes this point the traveler may not 
fully realize why they terminate at this place, but the map will show 
him that their disappearance from the east side of the river is due to 
the fact that they swing across the stream, although they do not show 
in the hillside on the west. If the traveler looks back after passing 
down the valley a mile or so he will see these beds on the east side of the 
valley dipping about 45° NE. and reappearing on the west side, as de- 
scribed above. The beds that overlie the sandstone are very soft and 
consist mostly of clay or shale with licre and there a more sandy hirer 
that makes a ledge along the hillside. The beds are so soft that they 
have been worn down into o(nnparatively low hills, at least near the 
river, and the slopes are everywhere round and gentle. These rocks 
are the same as the variegated sandstone and shale at Leadville, which 
have been called the Maroon formation. 

Immediately below the mouth of the canyon the river bottom, which 
expands to a width of about half a mile and holds it for a distance of 
several miles, is strewn with boulders brought down by the stream. 
These boulders extend for about half a mile, and below that point the 
valley, although narrow, is well irrigated and farmed. The hills on 
the west side of the valley bear no resemblance in form or color to those 
on the east. They are dark and their surfaces are hiinunocky. 
if composed of soft material that has slid down the hillside until 
it resembles a gigantic moraine. The i*eason for the ])prnlinT' appear- 
ance of this hillside is not apparent until the trav- 
■A^^**"" eler has jjassed tlie little A'illage of Avon and has 

nlwrar mts'nm ^^^^ locked back on the other side of the hill. The rocks 

here ai*e well exposed by the cutting of the stream 
that comes down out of the hit;h mountains on the west. At the l)ase 
they consist of the ordinary country rocks with which the ti'aveler is 
already familiar. Above these rocks lie some daxker ones, composed 
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of volcanic material that was long ago washed down to this position 
from a lava flow. This material, which is soft and easily washed by 
the rains, has slumped down the hillsides until it has given the surface 
a general hummocky appearance. 

The valley at Avon is nearly a mile wide, and in smomer it pre- 
sents a beautiful appearance, with field after field of grain rippling 
in the wind sJid here and there a well-kept farmhouse peeping from 
a grove of oottonwood trees. The farms extend about a mile below 
the village to a point where the bluff on the east side swings in 
against the river, cutting off the farming land and rendering the 
valley rou^ and broken. The railroad, which has been forced to 
follow the river along the west (left) side of the valley, swings to 
the right in a broad curve at Bdwards siding, just beycmd milepgst 
312, and continues on that side for some distance. As the railroad 
is hi^ above the river and skirts the bluffs along the east side, the 
traveler has an unobstructed view of the fuU sweep of the valley. 
(See PI. LVT, A.) A large valley comes in from the southwest 
(left), and soon the high peaks of ^e Holy Cross Bange burst into 
view. The view near milepost 313 is one of the most attractive on 
the road, especially in early summer, when the summits are still cov- 
ered with the snow of the previous winter, or in early autumn, when 
they are white with the first snow of the season. One can look 
across the grassy bottom of Eagle Hiver, dotted with herds of cattle, 
to the ranches on the opposite side, where field after field of grain 
or hay stretches up the side yalley as far as the eye can see and 
even climbs the opposite slope to the highest terrace. Here and 
there ranch houses are embowered in groves of tre^, and the white 
schoolhouse, with its bright-red roof, gives a touch of color to the 
pastoral scene. The green fields, especially when the afternoon 
. shadows begin to lengthen, look like velvet, and one would have to 
travel far to find a landscape more beantifiil. 

In the movements that have raised the mountains the soft rocks 
have been crumpled and folded or crushed and broken in a very 
complex manner. Jnst beyond AUenton siding, l)eyond milepost 
314, the beds of rock are magnificently exposed on the east (right), 
for here an old bend in the river threw it against the foot of the 
bluff, whero it washed away all loose material. Here the beds of 
rock stand nearly vpitifal, but within a short distance they show a 
tendency to Hatten and pass with slight dips under the river, which 
here swings sharply to the right. The traveler can see that the 
rocks here are prevailmgiy soft and that only here and there thin 
beds of sandstone stand out like giant ribs on the face of the cliff. 
The colors of tfu rocks are variegated, but there is enough red and 
deep brown iu them to give the hills a warm tint. 
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Half a mile beyond milepoet 316, at the crossing of a small creek 
which enters the riyer from the right, the base of brilliant light- 
red sandstone is exposed. This saiuhtone is TrissBic in age and is 
much more showy in color than any otiier rock which the traveler has 
seen since he left Canon City. On account of its striking color 
attempts baTe been made to utilize it as building stone, but gener- 
ally it is so easily affiected hy the weather that in a few years the 
comers are rounded off and even great holes are etdied in the solid 
blocks. Where first seen Hiese beds dip about 45^ W., but the dip 
flattens in a short distance to about SS^.** Beyond milepost dl6 the 
top of the bright-red beds may be seen on both sides of the river. 
On the ri^t they extend down the hillside in a great curve, but on 
the left they run along the face of the bluff with only a dight dip 
downstream. 

The rocks that overlie the bright-red sandstone are variegated 
in color but are predominantly green and maroon. They make up 
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FiocBB 32. — Sketch sectloD across the Bjrndine at Wolcott od a line from east to west. 

what is called the Gunnison formation, so named from its outciop 
in the valley of Gunnison Biver. The upper part of this forma- 
tion is without doubt the same as the Morrison formation on the 
east side of the mountains, but its lower part probably includes 
rocks that are not found on that side. The Gunnison formation 
here cont^iins much soft shale and clay but includes also some beds 
of resistant sandstone. At this, place the formation has been so 
much crushed that its thickness can not be estimated, but at other 
outcrops in this vicinity, where it is undisturbed, it is about 220 
feet thick. The discovery of tlie remains of some very wonderful 



"The peculiarities aud irregularl- 
tiea of like dips In tills part of the 
vaUeF can be best aaderstood by refer- 
ence to the map on pa^e 134. This map 
shows that the river here cuts di- 
agonally across the rim of a sag or 
basin in the rocks (not a surface ba> 
sin), the lowest part or axis of wUdi 
Is crossed by the railroad a mile or 
so farther north t(>%vard Woloott. On 
the eastern rim of this basiu the rocks 



stand on edge, as shown by the ac- 
companying' diagram, but they flattn 
rapidly at they pass below water level, 
and as seen farther OH ^Sassg lie nearly 
flat nlon^ its axis. 

Tlie meauing oi the dips is well IlllUh 
trated In fbs aocotnpanylng sketdi (flf. 
82), which shows the roeks as they 
■Would appear in a deep trench cut ver- 
tically from east to west through the 
fold. 
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animals in the upper part of this formation north of Gantm City 
is described briefly on page 70. 

Above the (Junnison formation lies the Dakota sandstone, which 
crosses the track near milepost 317. This sandstone marks the base 
of the Upper Cretaceous and is one of the most pecBistent and wide- 
spread formations of the Rocky Mountain region. It extends from 
northern Wyoming to central New Mexico and from Omaha to cen- 
tral Utah. In the valley of Eagle River it consists of a single layer 
of brownish-yellow sandstone 30 to 40 feet thick. It slopes up the 
hiUside on the right and forms the crest of a ridge that runs nearly 
parallel with the railroad for a mile or more. Across the river it 
forms the northeastern slope of the hill in what geologists call a 
"dip slope."** 

I he formations so far described are fairly hard, and consequently 
they form the walls of a rather narrow canyon, but immediately over 
the Dakota sandstone lies the Mancos shale, which is one of the 
softest rocks in this region. It is so soft that it readily wears away 
under the action of the weather and the streams, and consequently it 
seldom or never forms high or large hills. Where Eagle Riyer 
crosses the outcrop of the Dakota sandstone and cuts into the shale 
the valley immediately expands to a width of nearly a mile and con- 
tains several ranches. In fact, nearly all the shale on the left side of 
the river has been removed and the valley takes the f onn of a rock- 
rimmed basin. The beds of rock on the east side of the basin are 
steeply upturned, but those on the west side dip toward the middle 
of* the basin at a very low angle, which can hardly be detected but 
which may be seen in the cliffs of diale almost directly ahead. This 
litUe basin or downf old of Cretaceous rocks forms the extreme south- 
em tip of the great syncUne or basin of Cretaceous rocks which car- 
ries the valuable coal beds of Boutt and Moffat counties, in the 
northwestern part of the State, and which underlies most of south- 
western Wyoming. 

As the train passes milepost 817 the traveler, by looking back the 
way he came, may obtain another glimpse of the high peaks of the 
Holy Cross Range, which, if they are covered with snow, are still 
conspicuous objects above the horizon. After the traveler passes the 
axis of the syndine, between milepoats 317 and 318, he can see the 
gentle rise of the rocks on the west (left) of the railroad in a great 
cliff of shale, which is neariy ahead but which may be seen on the 
left from milepost 318. Some bands of white, impure limestone can 



*A dip fliope is formed by a bed of 

hard rock from which overlying snft 
material has lieen removed by raius 
and streams, uud as tlie slope of the 



sorface is the samo ns the dip of the 
bed that controls the sorfaoe it Is 
kuown as a dip slope. 
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be. followed by the eye, and these indicate dearly the rise of the beds 
toward the west, but a still better marker of their rise is the DsJcota 
sandstone, which lies below the surface in the central part of the 
basin but which rises from stream level just below the station at 
Woloott and from that place westward forms a battlemented wall 
along the canyon. 

The north side of the valley is marked by a high cliff of the ICanoos 
shale, but the other side is nearly flat and can be cultivated, so that if 
makes an agreeable break in the line of canyona and narrow valleys 
through wUeh the traveler has been passing. Until the building of 
the Moffat road,'* in 1906, Wblcott, although but a small vilUige, 

was one of the principal distributing points for the 
Wokott. region to the north as far as the Wyoming I ine . and 

El. vation c n?." feet, a stage was nm daily between Wolcott and Steam- 
n^^sidmflii^. ^"^at Springs. At that time the region now in- 
cluded in Routt and Moffat counties was noted 
chiefly as a stock-raising country and thousands of cattle were annu- 
ally i^ipped east over the Denver & Rio Grande Kailroad from Wol- 
cott and Rifle. Since the completion of the " Moffat road " Steamr 
boat S^^rings and the region round about receive their supplies 
directly from Denver, but a stao:e line is still maintained from Wol- 
cott to State Bridge, 14 miles distant, the nearest point on the 
"Moffat road." 

On leaviTiir Wolcott the train plunges into another canyon, which 
extends lor a distance of about 5 miles. The Dakota sandstone forms 
the cap rock of the walls of this canyon, especially on the north side, 
but the surface back of the n!«^r£rod cliffs rises gradually to much 
greater hei^rhts. The sandstone appears above railrnad level just 
below the station at Wolcott, where it consists of a biownish-yellow 
sandstone, about 80 feet thick. It abounds in impressions of stems 
and leaves of plants, which show that at the time it was deposited 
the country was covered with trees, main uf them similar to those 
living to-day in the more humid regions of tlie United States. At 
that time there were no Rocky Mountains, and the deposition of this 
sand, which has since been hardened into sandstone, was followed 
by a great invasion of salt water, which fonn^ a sea that 
stretched from Iowa to Utah and entirely across the United States 
from north to south. In that sea lived animals that produced shells 
much like the shellfish of the present day, and on the death of the 
animals the shells dropped to the bottom and there became embedded 
in fine mud. To-day that sea bottom has been elevated thousands of 
feet above its former position, the sea water has drained away, and 
the limy muds have been hardened into shale in which the shells are 
preserved with all their beautiful ornamentation. The traveler can 
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verify this statemaiit for himself by finding well-preserved fossil sea 
shells in the railroad cut just east of the station at Woloott 

The station at Woloott is built on the Dakota sandstone, whidi in 
a short distance to the west rises abov» track level, so that the under- 
lying variegated shale and sandstone (Gunnison formation) and the 
rocks still lower in the geologic column come into view as the trav- 
eler pursues his way down the river bank. As the train rounds the 
first sharp curve below the station the variegated beds of the Gunni- 
son formation may be seen on the north (right), where they have 
been exposed by the cutting for the railroad track. About a mile 
below the village the Dakota lies about 800 feet above the level of the 
track and the light-red sandstone of the Triassio makes its appear- 
ance at that level, but it is so poorly shown that the traveler may not 
be able to identify it. A view down the river valley from this point, 
however, diows that the bright-red sandstone is very conspicuous in 
the cliffs— it is, in f act^ th» most 
prominent rock to be seen. The 
profile of the cliff on the north side 
of the canyon is represented in 
figure 33. In this part of the can- 
yon the red sandstone is so bril- 
liant that the outcrop looks like a 
flame or a mass of red-hot iron 
on the hillside. At Kent siding", 
just beyond milepost 321, the val- 
ley is somewhat wider than it is 
farther upstream, and the traveler 
may obtain, on the north, an ex- 
cellent view of the canyon wall, which is about 175 feet high and is 
capped by Dakota sandstone and the brownish-red sandstone that 
marks the top of the Triassic sj'stem of rocks. 

Althoii^:rh the canyon is in general ver\- narrow there are at some 
places along the river level lands and small farms. The stream, like, 
all others in this region, is fringed with cottonwood trees and wil- 
lows, but among these are interspersed dark spruce trees, which give 
a pleasing contrast. In summer there is a decided difference between 
the dark-bluish tint of the spruce trees and the soft green of the 
cottonwoods and the willows, but the color effects are at their best 
in early autumn, when the leaves of the cottonwoods and the willows 
are a brilliant vellow. 

Owing to the westward rise of the rocks the canyon walls grow 
higher and higher, but near Ortega siding (milcposts 1^28-324) the 
Triassic red sandstone rises above track level and the canyon ends, 
because as soon as the hard beds rise above drainage level they 




FinrnK .33. — Canyou cut by Eagle Klver 
through Uie west rim of the synclLne, 
from Woleott. 



are 



undermined by the cutting away of the soft shale of the lower (Ma- 
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roon) formation. The canyon is in places ru^^ged and picturesque, 
but generally it will be remembered for its brilliant coloring rather 
than for the configuration of its rocky walls. 

The valley below the canyon resembles the valley cut in the same 
fodot near Avon, but the hills here are lower than thoae aboat Avon 
and are cut more deeply by the tributary streams. The maui valleyi 
however, oontMns few striking soenic ^tures, but it is interesting 
for its many fine farms and comfortable readenoes. 

Near milepoet 827 the band of bright-red rock on the higher hills 
across the river is very conq>icuoas. As shown <m the map, it does 
not eictend far to the west, for it loops around and connects with the 
etposnre that was crossed a few miles above Wolcott Toward the 
north the Triassic rocks extend for a long distance, but they are not 
visible from the train. The traveler may be able to trace the Dakota 
for some distance, but it eventually fades from sight, and then the 
most prominent rock is a dark bainlt that caps the highest hill 6 or 
8 miles to the north. This rock is a remnant of what was once prob. 
ably a continuous sheet of lava that was poured out on a nearly level 
surface before the present canyons were cut, when the general sur- 
face of the country coincided with the tops of the present highest 
hills and plateaus. It should not be supposed, however, that the sur- 
&ce at that time was higher above sea level than it is to-day; indeed, 
it may have been not nearly so high, for it may have been raised 
to its present level since the lava was poured out. Other remnants of 
this sheet of lava may be seen farther down Eagle River. 

The thriving village of Eagle stands at the junction of the valleys 
of Brush Creek and Eagle River, in the midst of a rich agricultural 

district, which presents a pleasiri<r contrast to the 
Eagle. bare rocks of the canyon walls and to the badlands 

Elevation e,598 Xeet. ihnt the streams have produced in the bluffs border- 
D^n^Vsss^s. ^^^^ valley. Although the ppnem] altitude 

of the valley is rather high, good ( roi s of hay, 
grain, and potatoes are raised, nnd Tntuh live stock firuls j)asturage 
on the surrounding uplands. 1 he railroad crosses Eagle River just 
before reaching Eagle and remains on tiie south side of that stream as 
far as its junction with Colorado River. 

After leaving Flagle the traveler may obtain another glimpse of 
the Holy Cross MouiiLuins on the left, up the broad valley of Brush 
For some distance below this point the bluffs of the river 
are so high that they shut out from view the cmintrj^ on the south 
(left), but faiihtr west the bluifs recede from the river and grow 
lower and lower until the upland on the south is clearly visible. 
This upland now takes on the aspect of a broad, sloping plateau 
that culminates in the Holy Cross Mountains, which form a moet 
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striking feature, especially when they are covered with snow and 
the intermediate country is still clothed in its summer verdure. 

The Holy Cross Mountains are usually regarded as the western- 
most range of the Kyrky Mountains. The traveler who is pursuing 
his way along the bottoms of these canyons may not be aware that 
he has passed oat of the Kooky Mountains and has entered a province 
marked by very different surface features, hut if he could obtain a 
comprehensive view of the country from some high point he would 
see at once that the great ran^zos of the Ivocky Mountains lie en- 
tirely to the east, and that altiiough mountain ranges are visible 
to the west they are neither extensive nor continuous. The region 
into Avhirh he is now entering is a hind of piatcmis, some low and 
some high — nearly as high as the peaks of the Kockies. It is also 
called a land of canyons, for it includes most of the canyons of the 
Colorado River system. Country of this type extends westward 
from the Holy Cross Mountains to the west side of the Wastttoh 
Plateau in the vicinity of Provo, Utah. 

For about 6 miles below the town of Eagle the valley of the river 
continues much the same as it is about the town. The railroad is 
built on a temoe that stands 60 to 80 feet above the river, and in 
places this terrace is surmounted by another about 50 feet higher. 
The bluffs on the north side of the valley become conspicuous be- 
cause of their barrenness and because they are being rapidly dis- 
sected by rivulets produced by eveiy shoymr. Gypsum Creek, an- 
other large stream, enters the main valley from the 
GypMun* south at the village of Qypsum. The creek and the 

Elevation 6,.'?25 feet town are SO named because of the occurrence in 
Dmrsm^M. abundance of the mineral gypsum in the neighbor- 
hood. The village of Gypsum is a supply point foi 
large districts both to the north and to the south. The region near 
the village is devoted largely to farming, but beyond the ^rms there 
is a large area of open rangej, upon which a great number of cattle 
are fattened eadh year* 

The red sandstone of the THaaeie eomes into Hie tops of die hills 
below Gypsum, and as it is the hardest rock in the series exposed 
here it tends to form a canyon that has hig}i and apparent^ precipi- 
tous walls. Near milepost 8d7 the railroad enters the canyon, which 
is not so narrow as it at first appears. This canyon is not so pictur- 
esque as the canyon in similar beds bebw Wolcoit, for in the canyon 
below Gypsum the hard red sandstone lies high in the hills and is 
underlain by soft clay and shale, which wear away rapidly, so that 
the harder sandstone above breaks down, forming a long, gradual 
slope back from the. stream, whereas in the canyon below Wblcott 
there are no soft beds easpoeed bekm to be eroded and to undennine 
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the harder rocks above, so that the red sandstone diiEa rise almofit 
directly from the water. 

As the traveler entm the canjon below Gypemn he may see that 
the bright-red beds lie in the form of a downfcdd (syncline)— that is, 
they are higher at Uie ends of the canyon than in the middle. This 
structure may not be apparent to him at first, but at a point between 
milepoets 388 and 839 he may easily see that the red beds directly 
opposite the train are lower than the same beds are either to the right 
or to the left. This lowest point is called the axis of the syndine ; it 
is tiie line toward which the beds dip from both sides. The layer of ' 
rode at the esEtzeme top of the hill on the right is dark brown and M 
red like the underlying beds, and it does not lie parallel wi& tin j 
other beds but caps the hiUs wit|ioat confonning to the. dip of tiie I 
beds beneath. The dark rodfc is so £ir away that the traveler can | 
not distingnish its character, hat if it were nearer he would see that j 
it is basalt, similar to the sheet of basalt that caps the canyon walls 
below Wolcott 

In passing down the canyon, before he arrives at tihe junction of 
Eagle Kiver and Colorado (€hwid) Biyet^ the traveler has spread 

before him one of the finest examples of a recent lava flow that can 
be found in this country. He can first see this lava flow in the dis- 
tance on the right soon after he passes milepost 340, in a low, dark 
hill in the bottom of the valley. The rock of this hiU may not at first 
attract his attention, but on approaching it nearer he can see that it 
is nearly black and presents a striking contrast to the light-colored 
rock of the sides of the valley. This rock can be seen at close range 
at a point about half a mile farther along, where it forms a terrace 
across the river bottom which suggests that the valley was at one 
time filled u]} to a certain level with this black rock. On closer in- 
spection this Ijhick rock is seen to l)e very rotiirh and broken (see 
PI. LVI, B), and those who are familiar with lava flows will at once 
recognize its character, though others may have difficuitv in realizincj 
that this mass of rock was once molten matter that was forced up 
from the interior of the earth through some vent in the solid crust 
and that f!o\ved down into this valley much as thick molassps flows 
in cold weather. This fiery m;iRR coiild not flow rapidly, for its outer 
part was continually codliiiL' nd li- iui^ "frozen" into solid rock. 
The crust thus formed wouM Ik Id the lava for a time, but it would 
finally Imrst and the fiery flood would once more roll along until it 
was again lield up by the cooling of the surface. This drawing off of 
the liquid lava produced rnverns beneath the solid crust, which in 
time broke and fell in, so tiiat the surface is now very rouerh. The 
edge of the flow% shown in Plate LVI, 6', can be seen from the train 
as it follows the bank of Eagle Kiver on the opposite side. 
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The traveler has now seen the lava flow, though he has probably 
not seen the vent or volcano from which ft must have come, but if 
he scans closely the hills across the valley he will see that some of 
them are littered with fraprments of the same dark rock that com- 
poses the flow and tiiat others consist wholly of that rock. The 
volcano must have been near the top of the first series of hills, as 
shown in Plate LVI, B, but its crater is now obscured by the lava 
that consolidated in its throat. The vent was small, but it has all 
the essential features of a true volcano. The ravine down which 
the fierv flood roiled into the valley, leavintr some of the melted 
rock adhering to its sides as it passed, may be seeu from the train. 
(See PI. LVI, B.) 

This eruption seems to have been the last expiring jrasp of forces 
that lon^ before }X)ured out immense floods of molten material in 
(his region. The material erupted at this place was only enough 
to fill the valley to a depth of 50 or 60 feet but not enough to turn 
the river from its course. The lava extends down the vaUey half a 
mile beyond milepost 341. 

As the train rounds the bend, just below the limit of the lava flow, 
the valley of Colorado River is visible on the north (right), and 
Eagle Kiver unites with thifl stream a few hundred yards farther 
on, but the junction is not near enough to be seen from the train. 
Colorado Eiver has its source on the* east slope of Mount Bicbthofen, 
m the northern part of Middle Park, and those who went to the 
summit of the mountains (Corona) on the ''Moffat road'' could 
look down on this west side into some of the head trilnitaries of 
this river* After flowing westward across Middle Park the river 
escapes from that natural basin in the mountains by Gore Canyon, 
a rugged gorge which it has cut through the Park Range— the same 
range which the traveler saw on the east (right) at Tennessee Pass. 
Gore Canyon is cut in granite, but below the Park Bange the valley 
is much like that of Eagle Kiver, consisting of a succession of nar- 
row canyons with stretches of hroad valley between. This alterna- 
tion is repeated many times along the river before it is joined by 
Eagle Hiver at the siding of Dotsero. At the point of junction there 
is visible far to the north a high plateau, which is locally called The 
Flattops or the White Biver Plateau, from the stream that drains 
its western slope. It has an altitude of 11,000 to 13,000 feet and is 
noted as the greatest hunting ground of western Colorado. It was 
here that Theodore Roosevelt made one of his famous hunting trips 
while he was President of the United States. The presejrvation of 
the plateau at this high altitude is largely due to the fact that soon 
after its even surface was formed it was covered from tsome vent in 
this region with lava« which afterward cooled and consolidated into 
a basalt that hsA successlully withstood the action of the elements 
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and still preserves its nearly level surface. The lava sheet thai caps 

the lugli lull on the north side of the canyon below Wolcott was prob- 
ably once a part of this same flow or flows but has been separated 
from it by the canyon cut by Colorado River. 

After passing milepost and a small cut a few hundred yards 
beyond the railroad track reaches the bank of Colorado River, which 

it follows to the western border of Colorado. This 
Doteer©. part of the country is noted for its caitic and 

S^rrar^8n?«^ horses, and the siding of Dotsero is maintained 

largely for their shipment. There are no red rocks 
in the valley of Color. i lo River just below the mouth of Eagle 
Kiver, but the rocks tliere exposed are ai)out as hard as the soft 
red and green shale and sandstone above. At first the traveler 
may not be able to identify any of the dull-frray and slate-colored 
rocks Ijelow Eagle River with thorn he has seen farther upstream, 
but a comparison of the section and of the order of the formations 
may show him that tliese beds are ilu- siuiu- as the heavy clitf-making 
sandstone and shale which he saw just below JNlmtiirn. It micrht l)e 
supposed that the same formation should show tiit same composition 
and hardness wherever it is exposed, but as these formations con- 
sisted originally of sand, clay, and limy materials that were de- 
posited in some body of standing water, either a lake or the sea, it 
is apparent that the character of the formation at any place must 
depend largely upon the kind of material tliere swept into the body 
of water by the streams, anfl as the land near by was probably com- 
posed of various kinds of rocks, which furnished various kinds of 
material, it does not seem strange that at one locality a formation 
may consist largely of sandstone and at another of shale. Changes 
from sandstone or shale to linipstone are more rare, but such changes 
are observed in many parts of the country. The soft materials, in- 
cluding some coal beds that are exposed below Eagle River, belong 
to the Weber formation, which is in the lower part of the upper Car- 
boniferous rocks. 

The rocks rise gently westward, and at milepost 845 the massive 
layers of the Leadville limestone rise from river leveL This point 
marks the beginning of one of the most noted canyons on the line 
of the Denver & Rio Grande Western Railroad, the canyon of Colo- 
rado River that stretches in unbroken beauty and grandeur from 
this point to Glen wood J^prings, a distance of 15 miles. (See Pis. 
LVH, Bf LVIU, and T.I X.) This f^voaf canyon was trenched by the 
river in an immense upfold of hard beds, which include all the aedi> 
mentary rocks that the railroad has crossed in the canyons above, 
and into the underlying granite, to a total depth of 800 to 1,000 feet 
The first appearance of the Leadyille limestone, noted above, near 
M5, 16 jDarked by a warn sulphur spring, very similar to 
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A. MOUNTAIN SHEEP. 

Occasuonnlly during the winter mountoin shoop may Ih; seen on the clifTs in the Colomdo River 
canyon. The doep snow drives them down from tlie higher tO|>s, and they find pasture on Uio nar- 
row lodges along the ranyon wall, from which they may gaze on the {Mtssing traiiw. 




B. UPPER END OF CANYON OF COLORADO RIVER. 

The regular masonry-like walls are the striking fcnlurc of the upper end of this beautiful and 
picturesque canyon. The hctls of quartzite are so oven and contmumis that they seem to have 
nvpw dn^ssefl and laid by man. The walls rise abruptly from ihe river, so in building tlic auto- 
mobile highway it was necessary to tunnel through these beds at some poinLs. Photograph 
by the Detroit Publishing Co.; furnished by the Denver & Rio Grande Western Railroad. 
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the warm springs which gush from the same formation at Glenwood 
Springs and give that place its reputation. Why the water should 
be warm at both these places is a question that can not yet be an- 
swered, for neither spring has any apparent connection with a fault 
that would pennit the hot waters to rise from great depths, cr with 
old Tolcanio flows or vents in which circulating water would come 
into contact with rocks that still retain some of the heat they had 
when they were ejected from the earth's interior. However, there 
may be some undeiground coonectian with one or the other of these 
features which is not apparent aife the surfuse but which would 
account for the temperature of the waters carried in thia limestone. 

The limestone rises toward the west at an angle of about 15^, and 
within a distance of half a mile the underlying quarteite appears 
at the level of the track. As the river cuts deeper and deeper into 
the rising rocks the canyon beoomes mors And more rugged, and the 
short bends give rise to many towers and pinnacles upon the pro- 
jecting points^ As the rocks continue to rise in the direction in 
which the train is going, lower and lower rocks come into view. 
Next bebw the upper quartaite, which is about 100 feet thick, lie 
shale and thin-bedded sandstone, about 40 feet thick, and upon these 
lies white quartsite, about 270 feet thick. So far the section in this 
canyon is almost identical with that seen in the deeper canyons up 
Eagle Biver, but here there is still another member, which seems not 
to be present farther east This member is a coarse quartzite whose 
chief characteristics are its rich pink or maroon color and the re- 
markable regularity in the thickness of its various beds, as well as 
the evenness of the bedding planes which separate them. These 
characteristics are well shown in Plate LVII, B. The full thick- 
ness of tliis quartzite can not be seen here, for within a short dis- 
tance the beds dip sharply in the other direction and the qaartzite 
disappears l^elow vrater level. Farther down the river, however, 
where the quartzU-e rests on the granite, its thickness is about 80 
feet. The highest point on this arch in the rocks is reached about 
half a mile beyond milepost 346. lie^ond this point the beds dip 
rather steeply downstream until the Leadville limestone is at track 
level on the left, and tiien the whole series is broken by a great fault, 
which, as shown on the map, crosses the railroad at milepost 347. 

Beyond the fault the land on both sides of the river is compara- 
tively low and smooth, and then the Leadville limestone rises again 
fi'om tr.aO'k level. Where it is seen by the roadside it is much broken, 
having evidently been f^reatly disturbed and crushed. The rise of 
the formations downstrenm is cradual but steady, so that near mile- 
post 349 all the ^dimeiUary rocks are apain above water level and 
the granite makes its appearance. Plate I^VIII is reproduced from 

8mr^22 — ^10 
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a photograph taken at this point, lookinj^ downstream. The first 
tunnel ncnr milepost 350 is cut in the. massive «rranite, which con- 
tinues to rise higher and higher in the canyon as the train proceeds. 

The part of the canyon in which the base of the quartzite is only 
a few score or few hundred feet ahovc ^,v;tter level is its most inter- 
esting and piftmrsque part, whicii is all too soon passed by the 
tr«ins. The canyon walls are nearly vertical, and the cliffs formed of 
the quartzite stand up like immense architectural structures and 
present great \ iinety of form and color. The joints, which cut the 
rocks in at least two directions, give rise to smooth vertical faces of 
rock and to buttresses and minarets almost without number. The 
canyon here is narrow and tortuous, and many magnificent vistas 
can be had of the swiftly flowing river and the dark walls, which 
even at midday seem to envelop the deeper parts with a somber haze. 

From this apparently interminable narrow labyrinth the traveler 
at length emerges into a more open part of the canyon, where he 
may well be surprised to hud dwelling houses and the station of 
Shoslione. (See sheet 5, p. 150.) Here is the intake of the great 
hydroelectric plant of the Colorado Power Co., whose transmission 
lines the traveler may have seen near Leadville and near Idaho 

Springs, west of Denver. The river is dammed &t 
Shodume. snwdl railroad tunnel just below l^oshone, aad 

S^T^iSlo muei!*** ^ w <»™d through a tunnel cut in the solid 

rock to the power plant, which is 8} miles farther 
down the canyon.^* The traveler may not xealize the quantity of 
water carried in this tunnel, but if he is making his journey in 
summer he is soon aware that practically all the water of the river 
has disappeared into the open mouth of tihie tunneL 

The general attitude of the rock beds in this canyon and the adja- 
cent plateaus on the north and south is shown in figure 84, which rep- 
resents them as thtey would appear in a deep trench cut acroes tiu 
canyon at Shoshone. Tlie beds dip to the south, and the Leadville 
limestone forms the surface of much of the plateau on the north, 
but the limestones and sandstones on the south are covered by a great 



* In the canyon near Shnsshono the 
Colorado Power Co. has built a large 
plant for goierattiig dectridty by wa* 
ter powep— a hydrodectric plant By 

means of a rllvprslon dam built just 
below the Htiition the water of Colo- 
rado lUvcr is tumeil into a large con- 
Gfete-Iined tmmel, wbidi carries it 
alon]? the north wall of the canyon 
for 8* tiiiles. When flowing at Its full 
CHpM"ii3 itiis tunnel will deliver 1,2J50 
cubic feet of water every second to im< 



riieiise Kteel tubes cnlled penstocks, 
into which it is <iroi>i)ed to river level, 
175 feet below. In its ftJl it drhreg 
two large tniblne wheela with a totd 
cnpaelty of 18,000 horsepower, which 
in turn drive generators of 14,000 
horsepower. The electric current is 
transmitted at a voltage of 100,000 
through wires carried on high -steel 
towers for a distance of 180 miles to 
Doriver nnd !s used also at eeveral in* 
termetliate points. 
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sheet of basalt, which is not visible from Uie train but which com- 
pletely conceals the underlying rocks. A few miles north of the river 
there is a break (fault) by which the beds on the north are raised 
higher than those on the south. 

Below Shoshone the canyon is cut so deep in the granite core of 
the great anticline that the sedimentary beds whidi overlie the gran- 
ite can be seen only here and there. The trav- 
eler may get occasional glimpses of the rim 
of the canyon and maj- be surprised to see 
that the country into which the river has 
cut this deep gash is level or only gently roll- 
ing. This region may be regarded as the 
southern part of the White Biver Plateau, 
and the picturesque scenery of the narrow 
canyon is due simply to the fact that the 
plateau here is composed of hard rocks, 
which wear back slowly into moderate and 
subdued f orm& If, however, the crust of the 
earth remains stationary for a long time — 
thousands, perhaps millions, of years — even 
these hard rocks will be worn into a broad 
valley, bounded by the moderate slopes of 
low hills. No rocks are hard enough to re- 
sist erosion for all time, and it is evident 
here that Nature has had abundant time at 
her disposal, and there is no reason to sup- 
pose that she will have less in the future or 
that the future will be greatly different from 
the past. 

The walls of the canyon are rough and 
rocky, affording excellent feeding ground 
for mountain sheep when the surface of the 
plateau is deeply covered with snow. Bands 
of 40 or 50 sheep are said to be frequently 
seen in protected places, quietly feeding oh 
the grass and shrubs that grow in the crevices 
of the ro<^ and also on the narrow benches 
on the precipitous slopes. Plate LVII, A 
(p. Ib2), shows the leader of such a band standing guard at the edge 
of the cliff. 

A short distance beyond mUepost 353 is the hydroelectric plant of 
the Central Colorado Power Co., witii its great penstock tlixoi^ 
which the water is dropped 175 feet to the turbine wheels beneath, 

and also the spillway for the excess water to escape. Beyond the 
plant may be seen the transmission line, strung on high steel towers, 
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spanninpr filches, and finally scalinjr the south wall of the canyon. 
The line takes a short for the volley of Koarinpr Fork, up which 
it is carried to and across the Continental Divide at Hagerman Pass. 

So far the peolon-ic structure of the ^rewt upfold (anticline) is 
comparatively snn])!f». havinp: heen l^roken at one point only. The 
highest point in the loid. the axis, is passed near milepost 354, and 
beyond that point the quartzite rapidly approaches railroad level, 
but it is broken by so many faults that few travelers can trace the 
formations and understand the manner in which they appear and 
disappear. By the aid of the map, however, those who are interested 
in geolo^c structure may obtain a fairly fjood idea of what has 
happened here and of the shape in which the rocks were left. 

All the formations are regular as far as milepost 856, near Grizzly 
siding, where the quartzite has been abruptly dropped from a height 
of at least 350 feet above the railroad to water leveL This change 
in the poeition of the rocks is the result of a fault,** which trends 
slightly west of north, probably cutting the high bluff on the west 
side of Grizzly Greek, whidi here enters the river from, the north. 
Beyond this fault the beds rise gradually until the white quarttitc^ 
whidi is at wat^r level at Grizzly, is above the railroad and fl» 
canyon is rough and rugged, as shown in Plate LIX. Half - a 
mile beyond milepost 366 about 50 feet of the pink quartzite has 
made its appearance. At this point the granite on the opposite side 
of the river rises to a height of at least 300 feet. This discrepancy 
marks another fault, which does not cross the railroad but trends 
nearly east and west directly along the stream. The rocks on the 
south side of this fault have dropped about 300 feet, or those on the 
north have been lifted a similar distance. 

Beyond the point where the railroad approaches the fault most 
closely the rocks descend, and within a short distance most of the 
quartzite has disappeared; but the road here enters Noname Park, 
and it is almost impossible from the moving train to determine the 
structure. However, a little farther along the Leadville lime- 
stone also dips steeply toward the south and is broken by a fault 
that runs nearly parallel with the one just described. This fault 
lies near the south wall of the park. The Leadville limestone is 
dropped on the north side of the fault and may be seen toppinjr tlie 



*As the term " lauU '* lueaus a 
break in the rodsy strata of tbe earth 
and as the breaking is always accom- 

imnlrd by sllpplnfT and cnishln?, one 
niij^lit expect lo find tlie surface of the 
groimd disturbed along a fault It 
undoubtedly Is disturbed when tte 
movemeiit takes place* but all the 



£auU!<( Heeii from the Denver & BlO 
Grande Western trains occurred so 
lonir ago that any break or disturb- 

nnro of the surface they caused has 
lK*en obliterated by tlio streams and 
the weather. Kxainples of tbe la<^ of 
evidence of faults on the surface ate 
shown In Plate LXXXVII» il and ^. 
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cliffs on the south. The stream cuts into the upraised block of strata 
on the south of this fault, and its south bank is followed by the 
railroad through many cuts in the quartzite and finally in the 
underlying granite. About half a mile beyond milepost 358, at a 
sharp bend of the stream around a narrow point that projects from. 
the south, at least 50 feet of granite is exposed, and the massiye 
layers of the Leadville limestone lie like plates on the hillside across 
the river. As the Leadville liniesbone never rests normally on the 
granite it follows that the fault must lie in the riTor and has caused 
the formation of Xoname Park. 

This fault is the last of the series ; and, as the train swings around 
the sharp bend toward the tunnel, the traveler may see the beds 
descending rather steeply downstream. Here tlie stream turns once 
more and cuts back toward the fault in a sharp curve, but the rail- 
road pierces the rocky point, and when the train emerges from tlie 
inky blackness of the tunnel the traveler finds liimself passing 
throiitrh the rock formations for 1)>" last time. The quartzites dis- 
appear first below the stream, and liii.iliy the massive ledges of the 
J^eadville limestone; and then the train enters the open valley 
formed by the erosion of the upper Carboniferous rocks and ap- 
proaches Glenwoud Springs. 

Here, on the right, is a grove of cottonwood trees, which surround 
the bathing pool of hot sulphur water that has nmde this a famous 
health and pleasure resort, and one may catch glimpses of the towers 
of the Hotel Colorado, which stands somewhat higher on the moun- 
tain slope and overlooks the lower part of the valley. 

Springs are also abundant in the river and beside the railroad track 
just above the station. Glenwood Springs (see PI. LX) is at tlie 

junction of Roaring Fork with Colorado Kiver. 
dfluwood Spiiiigs. Boaring Fork flows in a broad valley that it has 
RievattoDB.7S8ft«t. eroded in the soft Carboniferous shale— a valley 
D^oT^r^l^o^c^ ^ broad that it seems lilice the principal valley. 

The town is noted for its shade trees and its homes 
and for its aooonmiodatdons for the travelers who are attracted here 
by the reputation of the springs. An added attraction is the famous 
Hanging Lake " (see PI. LXI) , which lies high up the slopes of the 
canyon of Colorado River, about 12 miles from the town. Glenwood 
Springs might also be called a eoal-mining center, tox although no coal 
is mined at or near the town it furnishes an outlet lor a great coal field 
that lies to the south and west A branch of the Denver & Bio Grande 
Western Bailroad turns to the south at Glenwood Springs and con- 
nects with the coal-mining towns of Sunshine and Spring Crulch. 
Forty miles south of Glenwood Springs and connected with it by 
rail are the famous Yule marble quarries, which are now sending 
their output to all the lai]^ dties of the JBast A notable ezampk 
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of the fine buildings oonstmcted of Colorado Yule marble is the new 
Lincoln Memorial at WafiAiington. At the town of Marble, near 
these quarries, there is said to be the largest marble mill in this 
country. 

At a point a short distance west of the station at Glenwood Springs 
the Denver A Bio Ghrande Western Bailroad crosses Colorado Biver, 
and here the mouth of Eoaring Fork may be seen on the left. The 
Ouray (Leadville) limestone, from which the hot sulphur springs 
issue, may be seen extending to the right for about a mile to a point 
where it passes into the hills and is lost to view. It is succeeded 
by the soft shale and sandstone of the Weber formation. The Denver 
& Rio Grande Western follows the right bank of the river. 

When the train has passed through the railroad yards and is mak- 
ing a rather sharp cune around an eastward bend of the river, the 
tra\eler may see Mount Sopris away oil to the south (left), framed 
by the canyon walls of Roarin^^ Fork. Mount Sopris is one of the 
high mountains in this part of Colorado, and it is one of the most 
beautiful, because it is a single mass that towers far above the sur- 
round ins: country. 

Tlie mountain side across the river has been sfashed by rain and 
frost, exposing the brick-red Triassic sandstone and shale. The 
same red beds may be seen on the north side of the river, but be- 
fore the train reaches them it must cross the maroon, white, and 
green beds of the Maroon formation. These beds may be seen in the 
low hills on the north (right) and also in places along the. river, 
where they have been exposed in the excavation made for the road. 
The brick-red sandstones are the most resistant beds in this part 
of the series, and the point where the river cuts across them if» 
therefore marked by a canyon which, although not so rugged nor so 
narrow as other canyons along Colorado Kiver, has a richness and 
brightness of color that is excelled by few. The base of the Triassic 
beds is crossed near milepost 364. and the river here cuts nearly 
through the formation before it turns to the right nnd follow? the 
strike of the rocks for several miles. At the sharp bend mentioned 
above the lop of the formation is not clearly marked. Usually 
this fomiMtim c ontains rocks of no other color than brick- red, but 
a short distance beyond the river there is a band of white sand- 
stone nearly 100 feet thick and tlien abont 300 feet moi*e of a 
brick-red color. As the brick-red color is generally regarded as the 
distinguishing feature of this formation the line separating it from 
the overlying Gunnison shale is drawn provisionally at the upper- 
most liod tliat has the characteristic color. 

On the river bank opposite milepost 365, which is about half a 
mile beyond the sharp bend mentione<l above, is the tipple of the 
South Canon Coal Co. The coal is not mined at this place, for the 
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A. r.RAND HOCHACK. 

View of the Grand llogliuck where it is trenchinl by Colorado Hiver at Newca.slle. Old diiinp 
hen|i8 Mhow where coal has been mined, but all the mines have Xn^.n abandoned. The \Vhe(>ler 
mine, at the extreme riKht, was abandoniMl on account of fire, and the coal is still burning. In 
this hill the workable coal binls have an at;^reKalo thickness of 1U*> ffH.>t. Photograph by tloyl S. 
(•ale. 




PALM-LEAF FA^ GHOWN IN COLORADO. 

LoMK uKo in g(H>lot;ic time iMilms grew luxuriantly in all fmrts Colorado, and the oool miners 
alMiut Newiyistle when tliey want a fun merely quarry one out of the rock. Here is a group 
of mini^rs and a fossil |>alni-leuf fun they have ju.sl found. PhotoKrupli by Iloyt S. Gale. 
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rocks here aie ihe red sandstone and the Gunnison formation, neither 
one of which contains coal. The mine is about 1^ miles up South 
Canyon, in the Miesaverde formation, the great coal-bearing forma- 
tion of western Colorado, Utah, and Wyoming. In the old geologic 
reports this formation was called "Liaramie," a formation at the 
extreme top of the Cretaceous system, but it is now known to be 
very mudi older than the Laramie and has been named the Mesa- 
Terde formation, from the Mesa Verde (may'sa vair'day , Spanish for 
green table"), in the extreme southwest comer of the State — 
a mesa that has now bem set aside as a national park on account of 
its ruined diff dwellings. The coal is brought from the mine in 
tram cars. 

For about 2 miles below the coal tipple the liter follows in a gen. 
eral way the outcrops of the fonnations, the alternating red and 




Fiomi 85^Ttop of nd tanditone (Trluak), formlnf cntt <tf UU l>elow Soath Canon 

Coal Co.*8 coal tipple. Beda dip aonthweat 

white beds on the mountain side on the left and tlie beds of solid 
red color on the right. The beds of sandstone dip steeply to the west, 
and they stand above the railroad on the l ight in great slal)s 20 or 
30 feet high. The surface of these slabs is covered with ripple marks 
identical with those now }>eing formed in shallow water along the 
coast, which indicates that the red sand forming these rocks was 
washed into some shallow basin where it was distinctly l ippled by 
each i)assing wave. These ripples may have been made millions of 
years ago, yet they are as perfect as if they Ixad beeu mad© but 
yesterday. 

A little below the exposure of ripple-marked sandstone the top of 
the bright-red sandstone (Triassic) is well shown in a hill across 
the river. (See fig. 35.) 



Digitized by Google 



140 



/ OmDOBOOK OF TBB WBSXBBN UKITHD BXATES. 



Near milepost 367 the valley opens and is irrigated, and the deep 
red of the sandstone is relieved by the bright green of alfalfa, sugu 
beeta, and apple orchards, which are irrigated by water taken from 
the creek that comes in from the right Below this point the river 
turns more toward the west, and it soon cuts through the red sand- 
stone that has bordered the valley moet of the way from Gleawood 
Springs. 

As all the beds here dip toward the aoutiiweat the river cuts 
through a formation from bottom to top and then passes into the 
overlying fonnation. The top of the Triassic system is crossed at 
milepost 369, or about three-quarters of a mile beyond the siding of 
Chacra. The Gunnison formation, the next formation in the seriM 
above the Triassic, is only about 300 feet thick, and as it dips at an 
angle of about 45® it is soon crossed. It is characterised by a variety 
of colors, but maroon, green, and white predominate. Across the 



and widespread fonnations in the Bocl^ llbuntain region. It is 
generally thin, at few places exceeding 80 lest in thidnwBa, It was 
deposited on the surface of the Gunnison formation. During the 
deposition of the Gunnison formation the region was land, though 
probably of low relief, but the deposition of the Dakota marks the 
end of land conditions and the beginning of the occupancy of the 
region by the sea, which continued during the deposition of the suc- 
ceeding tliick shale. The Dakota sandstone is generally massive and 
ver^' resistant to erosion, so that where it is upturned at any con- 
siderable angle it makes hogbacks, such as those seen back of Canon 
City. Although the Dakota is not exposed near the railroad its beds, 
concealed beneath the surface, are crossed by the track about halfway 
between mileposts 369 and 370. The relation of the Dakota to thB 
rocks above is shown in figure 36. 

The rocks above the Dakota for a long distance are very soft shale 
or shaly limestone, so they have been eroded into a wide valley that 
lies between the little hogback formed by the Dakota sandstone and 
the mountainous ridge on the left, which trends nearly parallel with 
the line of the railroad and is composed of the Mesaverde fonua- 



FrouBB 80. — Section through Qrand Hogback at Newcaattfe 




Horbontal scale 
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river on the left there 
are s(Mne small conical 
hiDs composed of this 
formation, which aie 
capped on the far side 
by massiTe beds of the 
Dakota sandstone, 
wbidi marks the base 
of the Upper Creta- 
ceous series and is one 
of the most persistent 
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tion, also of Upper Oretaoeous age. The first shale io be seen is 
exposed in a cut in the side of a hill, but it is so close to the moving 
train that its character can not easily be determined. It is, however, 
very limy, and many of its layers consist of soft, white, impure lime- 
stone. This formation is the Niobrara limestone, and it is charac- 
terized by shells {Inooermim) from 8 to 10 inches in diameter, 
which occur in great abundance. These shells are of peculiar con- 
struction, for the grrain of the shell runs directly through it instead 
of alono: or around it as in most shells, both fossil and living, and 
this structure mukes the shell very weak and easily broken. At the 
time this shale and limestone were deposited there were, so f ;ir iis is 
now known, no mountains in this region, and the sea liad an un- 
broken sweep from the site of Missouri River on the east to the 
site of the Wasatch Mountains on the w^est. Many persons may iind 
it hard to believe that changes so great have taken place in the face 
of the earth, but one who diligently studies the rocks is impressed 
more with its instability and change than with its stability. He 
soon leanis that change has been the rule rather than the exception — 
that the rocky crust of the earth, which is so fretjuently referred to 
as "everlasting," is not everlasting^ in the sense of unchangeable. 
'Ilip e;u rirs rniNt has been and doulitless is to-day like thin ire that 
beriils nmler tlie skater's weight but seldom breaks, and a depression 
in one place gives rise to an elevation in another. Depressions in 
the crust of the earth, if they were at all profound, have led to the 
invasion of the sea, and elevation has caused the formation of dry 
land and possibly mountains. 

The shale over which the traveler is passing is known in most of 
western Colorado and T^tah as the Mancos shale, bnt toward the • nst 
the middle part of the shale changes to limy shale and then to lime- 
stone (Niobrara), and where this limestone is found the shale under- 
lying it is generally called the Benton shale. That the rocks which 
form the large ridge on the left are coal-bearing is shown by old pros- 
pects and mine dumps that at many places scar the slopes. The first 
old mine to attract attention may be seen on the left just before 
the train passes milepost 370. This mine was near the top of the 
ridge, and the coal was lowered to the valley by a long inclined 
tramway, but Nature is fast removing the scars made by man, and 
they will soon not be noticeable. The first active operation to be seen 
is the Garfield (Vulcan) mine, opposite milepost 371, which is on a 
coal bed 14 feet thick. Coal from this mine also is lowered to track 
level over an inclined tramway, but this tramway is comparatively 
short. Farther along the mountain side the trayeler may see smol^ 
escaping from an opening nearly on the same level as the mouth of 
the Gaifield mine. This mxk» comes from a fire in the mine that 
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has been barniiig for aeveral ywtB, Such firea may be staited in 
many ways, but this particular fire is supposed to have started apen- 
taneously in broken coaL Coal of oomparatiyely low rank, sodi as 
that mined at Vnlean, is subject to spontaneous ignition, eq^eciaiUy 
when crushed and undergoing alternate wetting and drying, by 
which the carbon of the coal is oxidized or combined with the ozygea 
of the air or the water so rapidly as to start a fire. In the old 
Wheeler mine, which was opened years ago in the mountain point 
on the north side of the valley, just beyond the village of Newcastle, 
it was found impossible to prevent the coal from taking fire, and 
many years ago, after repeated and unsuccessful attempts were 
made to extinguish it, the mine was abandoned, and the coal is still 
on fire. Spontaneous ignition of coal has occurred not only in nunes 
but on the outcrop of coal beds of rather low rank, and these fires 
have burned as long as air was available, making^ the adjacent rocb 
bright red and, where the heat was espedally intense, melting them 
to slag or clinker. 

The railroad swings to the right along the banks of Colorado Itiver 
and enters Newcastle. This place is well known as a coal-mimng 

center and is one of the points for reaching the 
Newcastle^ great hunting ground of the White Biver Phtean 
RierattcmajMafeet to the north.' It was to Newcastle that Theodore 
Sin^r m mu«. Koossvelt came in 1904, while he was President of 

the United States, on one of his famous hunting 
expeditions. From the station may be seen the bottom layers of the 
Mesaverde formation in the hills immediately back of the village, and 
on the north (liglit) and ahead may still be seen the scars on the 
mountain side and the dump of the old Wheeler mine that was aban- 
doned because of fire. The red color, due to burning, and possibly the 
smoke of the fire may be seen from the train. The Mesaverde is one 
of the greatest coal-bearing formations in the world. In the end of 
the Grand Hogback, on the riglit (see PI. 1^X11, A)^ the aggregate 
thickness of coal in beds over 4 feet thick is about 109 feet. One of 
these beds — the Wheeler — is 40 feet thick, and several others are 
more than 10 feet thick.^' At the time these coal beds were formed 



''Tbe eoal-beartttg roeks (Mesaverde 
formation) dip toward the weet under 

the ovorh'iTiG^ rocks and then reappear 
between nel'.fHjno nnd Palisade. These 
two areas ol sandstone constitute the 
edges or rims of a great structaral 
tfougb known as tlie Uinta Basin. ▲ 
section across the trogfli Is dioim In 
figure 37. This basin forms one of the 
great reserves of coal In the Rocky 
Mountain region. It extends trom 



Crested Botte In Onnnlson Coenty 

nearly to the Wasatch Mountains in 
Utah and is estimated to contain 160 
billion tons of coal. The coal is mined 
in tlie Crested Butte district, at New- 
castle and for several miles to the 
Boiitii, at Oameo and Palisade, at 
ThomEMmi, Utab, and at Sennyslde and 
Castlegate. near the west md of the 
field. Coal is not mined !n otber pnrts 
Of the basin ^ther because the beds 
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the climate in this k L:ion was very different from that which pre- 
vails there to-day, as is shown by the kind of plants which g^ew at 
that time and furnished the material for the beds of coal. Palms 
then grew here luxiiriantly, and many fnifrments of impressions of 
palm leaves have been found in the rocks that are associated with the 
coal. Plate LXII, shows an usually line specimea found by the 
miners at Newcastle. 

From Newcastle the trains of thp Colorado Midland formerly ran 
to Grrand Junction over the tracks of the l^enver & Rio Grande West- 
em. On account of this double use the roadbed between these points 
is treated as a distinct unit, and the mileposts do not conform to the 
^reneral scheme of numbering consecutively from Denver but are 
independent, beginning at Newcastle and ending at Grand Junction. 

About 1| miles below Newcastle the traveler passes out of the Mesa- 
verde formation and into the overlying Wasatch. This formation is 
of Tertiary age and is the first rock as young as Tertiary that the 
traveler has seen since he left the vicinity of Denyer and Palmer 
Lake. It is characterized generally by coarse conglomerate and in 
places is composed of boulders many inches or even seyeral feet ii^ 
diameter. It is reddish or pinkish in color, or it is made up of 
bands of red alternating with bands of white or light green. It was 
not formed immediately after the Mesaverde, on which it rests here, 
but after the Mesaverde had been laid down, consolidated, raised 
above drainage level, and remained a land surface for a long time. 
At last the mountains were partly uplifted and great lakes were 
formed, and into these lakes boulders worn from the older rocks, as 
well as fine material, such as clay and sand, were washed, and the 
whole mass was finally consolidated into rock. The time which has 
elapsed since it was deposited and the pressure of the overlying rocks 
have not been sufficient, however, to make it very hard ; it is much less 
coherent than the Mesaverde and consequently gives a greater widtii 
of valley than the old^ rock. The Wasatch beds near the out- 
crop of the Mesaverde dip steeply to the southwest, or into the great 
Uinta Basin, but at a greater distance from the hogback the beds 
flatten and become nearly level as they approach the middle of the 
basin. ( See fig. 37, p. 148. ) From Newcastle to Rifle the most promi- 
nent surface features on the right are tiie &barp conical hills of the 
Wasatch formation, in which the beds apparently stand on edge. 



are not acceesible by railroad or be- 
cause the coal is so iow in rank tliat 
it could not be sold In corapetitiou 
wlfb the coal alieady on the mailst 

l!lie Quality of the coal HXftetn greatly 
!n the dlllBraDt parts of the baslii. 



Tlie highest rank — antbracite — is 
found near Crested T^utte, and the 
lowest rank — subbituiuiuous coal — at 
points on tiie vptnrned ilm. Ooke is 
manufactured mth of Qlenwocd 
Springs, Oolo., and at Sunnyilde^ Utah. 
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The soft TerCiaiy and Cretaoeous f <Ninatioii8 have been eroded 
very rapidly, and vast qnantitieB of day, gravel, and aand have been 
wB^ed into the basin-like valley below the narrow canyon which 
the river has cat through the Grand Hogback. This loose material 
once filled the valley to a considerable depth, and the streams then 
removed part of it, leaving the remainder as great sloping terraces, 
which come down from the sides of the valley and would meet in 
the middle were it not for the trench which the river has cut. The 

presence of this fine material has given to one of 
Silt. the villages the appropriate name of Silt. On the 

Kieratioii 6,441 tet old maps of this region this broad valley was called 

Population 379. yi x n ^ ji xi i ^ ^^ 

DenYer 380 mues. Cactus Valley, on account of the barrenness of the 

region and the presence of many forms of cacti. To- 
day the parts on which water has hoen taken bear little resem- 
blance to a cactus valley, but the unreclaimed part is extremely 
l»iiri*en. Here for the first time on this journey the traveler is coming 
into the real semiarid region, where precipitation is so slight that 
crops can not be raised without irrigation and where the unreclaimed 
tracts are either barren of vegetation or have the kind tliat is char- 
acteristic of the more nearly desert regions. On the south (left) 
the traveler may see the east front of Battlement Mesa, which is 
capped by a layer of basalt that has preserved the even surface over 
wiiicli it tlowed as lava. Its east front, which is seamed and scarred, 
presenting a very rugged face, is one of the highest points in the 
vicinity, having an altitude of over 10,000 feet. The even surface 
upon which this flood of lava was poured is probably a part of the 
peneplain of which the White River Plateau is another remnant. 
Those who have made no study of geology may think that all pla- 
teaus are formed by the uplift of parts of the country to a greater 
altitude tlian that of the surrounding region- — in other words, that 
they are on anticlines or upfolds of the rocks, but this is not uni- 
foniily true. The White iiiver Plateau is on such an upfold, but 
Battlement Mesa is m a downfold, and generally upfolds and down- 
folds have no necessary connection with the formation and preser- 
vation of plateaus. 

Kifle, on Colorado Kiver at the mouth of liitie Creek, although not a 
large town, is one of the most important points on the railroad. 

The irrigated land along the river near Tutlc yields 
Rifle. abundant crops, but they are somewhat ditlerent 

Elevation 6,310 feet from those that are raised about (xlenwood Sprincrs, 

nmTw8S7ii^. ^^^^ ^^^'^^ ^^^^^ stands at a lower altitude and the 

summer temperature is consequently higher. Po- 
tatoes and grains are not large crops about Rifle; sugar beets, alfalfa 
and fruits are more common. From Rifle a stage line, 42 miles loiia. 
leads northward to Meeker, the largest town in the irrigated valley 
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of White River and a noted outfitting point for hunters of big game. 
This road continues northward from Meeker to Craif?. the present 
terminus of the Denver & Salt Lake Railroad ('^Moffat road"). 
This part of Colorado iias long been noted for the raising of horses 
and cattle, and for many years Bifle was the shipping point from 
which train after train of fin* range cattle went to the eastern 
marketa The dry-land farmer has materially cut down the extent 
of the open range, so that the herds have been greatly reduced in 
number and size, and many of the cattle that are now raised reach 
the market by other routes^ so that Bifle is no longer preeminently a 
cattte-shipping- point. 

Opposite Bifle is a marked terrace about 400 feet high, which 
forms a sharp boundary to the irrigated part of the valley. Like all 
the terraces so &r seen, this one is doubtless a remnant of the old 
floor of the valley— a floor formed by the river when it was flowing 
some 400 feet higher than it does to-day, or when the sur&ce of the 
land was that much nearer sea level than it is now. Bemnanta of 
what appears to be this same high terrace may be seen abnoet con- 
tinuously below Bifle for a distance of 25 or 80 mile& 

Beyond Bifle the groat, broad swell of Battlement Blesa is the 
most conspicuous feature on the south side of the valley, but the 
i-eason for its name does not become apparent to the traveler until 
he has reached a point farther down the valley. As seen near 
Bifle Battlement Mesa is a great rounded mass in which very few 
ledges of rock crop out at the surface. It also bears very few trees, 
but parts of it, as well as of Grand Mesa, farther south, are covered 
with a thick growth of timber, and these two mesas constitute the 
Battlement National Forest. As the principal industry in this re- 
gion is stock-raising one of the important features of the adminis- 
tration of this forest is the treatment of the ^ range and the adjust- 
ment of grazing permits. For the information of those who wish to 
learn more about the administration of the national forests and the 
Government's method of dealing with grazing privileges. Smith 
Biley, district forester, has given a brief dea^ption in the foot- 
note.** 



^The tmrren pifton and brush cov« 
ered foothills seen from the train be- 
tween Rifle aD<1 Grand Junction grivo 
the traveler no idea of the ferrile 
interior valleys and table-lands that 
compflie the Battlement National For- 
est — the largest grasing fbrest In the 
State of Oolorado. 

The forest proper, which lies some- 
wluLt remote from tlie railroad and 



covers an area of 677,840 acres, com- 
prises two great table lands known as 
Grand Mesa and Battlement Mesa. 
Fully 50 i>er cent of the area of the 
JJattiement Forest is covered wltli tim- 
ber. Wild grasses and weeds, whidi 
grow in abundance in open parks and 
In the less densely wooded parts 
of the forest, furnish excellent snm- 
mer pasture. The foothills between 
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When Battlement Mesa is first seen from the railroad, near Kifle, 
no hard rock can be discerned on its surface, but near the village of 
Bulison small streams that come down from the mesa have made sharp 
cuts through the terrace on the opposite side of the river and have de- 
posited at the foot of the terrace a great quantity of boulders in the 
form of alluvial cones. These boulders are composed of basalt, a dark 
rock that is very unlike any others which are seen in this vicinity. 
This basalt was once molten lava that was poured out-over the even 
surface and now caps the mesa and protects its from erosion. Battle- 



the national fon st ami the valleys 
also provide valuable winter range, 
and the Irrigated bottoms along the 
streams are admirably adapted to 
raieinff hay and to tlii^ winter feed- 
hijcr of stock. Such, in brief, is the 
character of the lands that furnish 
pasturage for more than 43,000 cattle 
and horses every year. 

The natural grazing advantages of 
this part of Colorado attracted cattle^ 
men long ago and led to the first de- 
velopment of the country. Thos(^ were 
days without laws or ronulations, 
when the more powerful cattle owners 
had everytiiing their own way* nm- 
ning** aa many cattle and sheep as 
th^ wished, rapidly overfrrazing the 
accessible tracts and getting little or 
no benefit from the others. This 
*' open-range " system, as it was called, 
resulted In the gradual aocvmulation 
of more Ure stock than the country 
could prop»ly maintain, and during 
unfavorable seasons it produced iKvere 
losses. 

In those early days the market was 
very unstable. Prices were less than 
half those of the present day, and 
there was a great deal of animosity 
between cattlemen and sheepmen. So 
strong was this animosity that be- 
tween ]S9() and 1892 several encoun- 
ters occurred in which at least one 
man was killed and thousands of sheep 
were wantonly butchered or driven 
over precipices. Ultimately the cattte- 
nien proved to lie tlie stronfrer and 
drove the sheepmen from the range. 

By this time the territory then in 
use had become overgrazed, the range 



dei>leted, and the water-supply cuu- j 
taniinated and diminished. The strug- 
gle therefore took on a new phase— it ' 
became one far the control of tange 
and water. Homesteads and water 
holes were tiiken up in such a way 
as to control lar^'c areas, wme home- 
steaders controlling as many as 10 sec- 
tions of grazing land. 

After this struggle jEor supremacy 
the fruit industry was started and )ilti' 
inately took possession of much of tbe 
fertile valley lands in and adjsH-enr to 
tlie forest. For a time this new in- 
dustry flourished, and the value of 
land Increased to a point that prohibit^ 
ed its acquisition for graslng. l^be 
fruit industry In turn had Its draw- 
backs, and now many of the orchards I 
are being turned into fields of alfalfa. 
To dispose of this crop properly live 
stock is necessary, so there Is now a [ 
revival of the cattle business. . 

Since the Battlement National F0^ ' 
est was established, in 1892. the graz- i 
ing industry of this region has been ' 
reduced to a science. Kange privileges 
have been equitably distributed by the , 
Government on the basis of the bona 
fide developnmit of permanent homea 
Control d the range by rule of ml^^t 
has disappeared, overirrfi^iivcr has been 
stt)ppe<l, and the forest rangi^s are now 
used without injury to them. Most 
important of all, the live-stock busi- 
ness has been placed on a secure and 
pirofltable basis, and stockmen have 
come to look upon the Forest Service 
as their friend. 

One of the first considerations in the 
proper administration of a grazing tot- 
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inent Mesa was so named because of the fancied resemblance of its 
north front to the walls of some old castle, bat the trayeler can not see 
these ragged points until he has passed the east end of the mesa. 

Beyond Bifle the most conspicuous features on the north (right) 
side of the valley are the great white cliffs of Mount Logan. When 
the traveler first sees them, near Bifle, they are in the distance, but as 
he goes westward he approaches them, and before the train hais 
covered many miles it is runnini^ at their bases. Many of the maroon 
beds t»f the Wasatch, which came in so prominently on the west side 
olthe errand Hogback west of Newcastle, have passed below the level 
of the river ; only a few hundred feet remains in sight to form a red- 



ost is the ^establishment of *' grazing 
periods " consistent with the protection 
of the forajie plants. Under the super- 
TisioD of tlie Forest Service tlie periods 
for graziag htLve been bo adjusted tbat 
the cattle are not allowed on the range 
until tlie grass and mil are ready. 
This permits the full lU ilizatii ai of the 
forage without overgrazing or denuda- 
tion. A careful study is also made of 
the "carrying capacity " of each iadi- 
▼Idnal range^that 19, of the abUity of 
a given tract to sustain stock in good 
condition wichout deterloratloii of the 
forage. 

The construction and maintenance 
of drift fences (see Pi. LXIV, B) for 
properly handling stock on the range 
and of pastures for gathering stock 
and for weaning calves; the establish* 
• nient of snif trrounds. for salt is as 
necessary for beasts as for man ; the 
construction of wagon roads and trails 
to open op new and unused parts of 
the range; and the improvement of 
springs and water holes — all this work 
and much of other kinds that have a 
vital hearinc: on t)ie grazing industry 
has been done by tlie Forest Service in 
cooperation witii the stockmen. 

All grazing privileges in national for- 
estSt except for 10 head or less of 
milch eows or work horsee, are granted 
under a formal pemiit that can he 
procured on appUeatiwn to tlie Forest 
Supervisor, tiiough each year, with the 
increasing demand for range, the equi- 
table allotment of tiiese privileges la 
becoming more dllllcnlt In its grasing 



policy the Forest Service takes the 
position that it would rather help the 
small man to make a living titan the 
big man to make u protit. The devel- 
opment of local ranges and the produc- 
tion of winter feed is therefore encour- 
aged, and within certain limits graalng 
privileges are granted to now settlers, 
even to the extent of reducing the 
privileges of tiiose wlio have been 
"running** a large number of cattle. 
On the other hand, the so-called 
*' vested rights *' of the large owner are 
respected and his privileges main- 
tained except where (lie small owner 
is being unduly crowded or denied con- 
sideration. Maximum limits as to tlie 
number of cattle and horses that may 
be ma '* on the forest by the owner 
have therefore been established in or- 
der to prevent monopoly. n')ip 5?mall 
stockman Is also safeununted by a 
"protective limit," whicb is the num- 
ber of cattle the settler must have in 
order to make a living on his property. 
The small man is thus able to build 
up his holdings to this limit, and stock- 
men wlio claim larger privileges are 
assured that tiiey will not be reduced 
unreasonably by the demands of the 
small man. 

As the live stock that is graced on 
the national forests furnishes a con- 
siderable pnit of ttie meat supply of the 
country, the t'orest Servicv feels tliat 
it should promote tlie use of our graz- 
ing resources as fully as the iiropcr 
care and protection of the forests and 
the water siQpply may permit. 
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dish band about the foot of the white cliffs. The 
relation of these beds to the Uinta Basiii is shomi 
in figure 37. 

In the vicinity of Rulison the cliffs are very con- 
spicuous, and from Bulison to Grand Valley the 
train runs praotically at their feet. These cUflfs, 
which tower to a height of 3,500 feet above the 
railroad, are but the points of long spurs which 
far back from the river unite in a broad, unbiaken 
plateau. The upper part of the cliffs is composed 
of white shale and sandstone known to geologists 
as the Grem Biver formation. These rocks, al- 
though originally dark, weather uniformly to a 
dull white. The base of the diffis is made up of 
the maroon shale of the Wasatch formation, which 
is exposed at several places between Grand Yslley 
and Salt Lake City. As shown in Plate LXTH, 
the Green Biver formation makes prominent difb 
on the north side of the valley and occurs also in 
the high parts of Battlemient Mesa, on the south. 
Its presence is generally indicated by its white 
color, which shows wherever the cover of brush 
and trees has been rmoved. In such places it is 
soon <nit into castellated forms. 

Most of the lower part of the valky ia irrigated 
and produces good crops and considerable fruit 
A sloping terrace on the south side of the river, 

opposite the village of Grand 
Valley, is irrigated by streams 
that come down from the higher 
parts of Battlement Mesii, and 
the scene here is a pretty picture 
I of rural peace and prosperity. The principal 
scenic feature is the great white cliff (PI. LXIII) 
inmiediately back of the village. All except about 
600 feet at the base of this cliff is composed of 
shale of the Green River formation, which, aside 
from its strikin^r color, is notable because it con- 
tains a large amount of organic material, mostly 
remains of plants, from which oil may be obtained 
bv destructive tiistillation. Oil has not vet been 
]>roduccd commercially from this shale, but it 
I)robably will be wdien crude oil from wells be- 
comes scarcer and the demand for gasoline is 
greater than it is to-day. This shale has been 
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V. 8. OEOLOOICAL SURVEY 




A. BARE HILLS OPPOSITE DE BEQUE. 

Alllioiigh these hilU aro in ihe extreme west end of tlie Katllcmciit NationnI Forest they 'bear viTy 
little tiinWr or in fart ve^frtation of any kind. They nre composed of the same kind of matcritU 
us that shown in Plate LW, A. Photograph by the U. S. Forest Service. 





B STOCK FENCE IN A NATIONAL FOREST. 

A drift fence for controllinf; the pasturage of slock in the Battlement National Forest. To one 
aceuHtomod to a humid climate the vegetation on this land docs not apiw-ar nromising, but the 
cattle can liiid good pasture between Uio buuclics of suku. Photograph by the U. S. Forest Service 
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studied, tested, ami mapped by Dean E. Winchester, of the United 
States Geolofrical Survey, who describes it below** A moderate 
estimate, nindc by him, of the quantity of oil that mnv be obtained 
from the Green Kiver formation in Colorado alone is 4U,UOU,WU,000 
barrels. 

The oil shale is within view from the railroad for only n short 
distHiR«e in (■uiorado, near (xrand Valley, and is not seen a^ain 
by the traveler until he reaches Colton, Utah, but the two areas are 



« Before petroleum was discovered I 
in Pennsylvania, in 1851), the Mormons ' 
distilled it, in an experimontal way, 
from shalo of the (Jrei'n iiivor forma- 
tiou iieur Juab, Utali, where tbe ruins 
Of thetr old still may yet be seen. 
BxperimeDts In olber parts of nerth- 
eastern Utah and nortliW€Steni Ck)io- 
raflo liave conflrm^Ml the rosults ob- 
tained at .Tuflb. For iiiiiny years oil 
has been diatUieU from similar shale 
in Scotland, wliere large plants have 
been erected ft>r tbls purpose but tbe 
supply of crude petroleum in tbfs 
country has been so great that no one 
has hern willing to invf^st: capital In 
such an enterprise. Tiie growing de- 
mand for gasoline, however, has made 
It Imperative to seek further supplies 
of oil, so tbe United States Geologtcal 
Survey has been testing the so-called 
oil shale of the Green River forma- 
tion to find how many gallons of oil 
it will yield per ton and mapping its 
geographic distribution so as to be 
able to make some estUnate of tbe 
total gvantity of oil that may be 
obtained from It A conservative cal- 
culation of the oil content of the shale 
in Colnra<1(> sbowv; that it will yield 
at lejisT 4( i,()Oo.(HK),<MHi Ijarrels of crude 
oil. The yield of gasoline would be 
one>t«:itb as mucb, and with a little 
added expense 800,CXN),000 tons of am- 
monium sulphate would be obtained 
as a by-product. The sulphate is an 
excellent fertilizer and would be 
highly valuable to tbe farmers in tills 
and adjacent regions. 

Tbe Ozeen Blver formation, wbicii 
is so well eiposed in the great white 
cliffs at Grand Valley, consists pre- 
dominantly of shale, but in places it 

80697'— 22 



I includes beds of sandstone* oolite, and 

; conglomerate. The general white color 
of the WPH tigered outcrops is varied 
near tho toi) of the bit; olifTs by bnrd 
biuisii beds, which wiien freslily 
broken are dark brown or black and 
give off an odor of petroleum. This 
hard, dark shale is destlued to become 
a valuable source of crude oil and its 
retined products, such as gasoline and 
kerosene, as wi U as of nitrogen com- 
pounds. Good oil shale is tough and 
remarkably flexible^ Thin splinters 
wiU bum and give oflf an aqphaltic 
odor when ignited with a match. Oil 
shale contains n vjist amount of or- 
ganic matter, largely vegetal, which 
appittrs to be the source of the crude 
oil that may be produced from it by 
destructi've distillation. 

The average oil shale mined In 
Scotland will yield about 25 gallons 
of crude oil to the ton, but there Is an 
abundance of shale in Colorado and 
Utah that will yield a barrel (42 gal- 
lons) to the ton. The crude oil, when 
refined by ordinary iirooessesi will 
yield tnm 10 to 16 per cent of gaso> 
line. 

ExperimeTifs are now^ in proerpss 
both In the laboratories of the United 
States Bureau of Mines and iu many 
private establishments to devise a 
metibod of retort treatment that will 
most successfully produce a distillate 
that can readily be refniofl into stand- 
ard products at a profit. Such a 
method will no (ioubt be found, and 
this region In northwestern Colorado 
will probably be the scene of a great 
industry In the production of artificial 
petroleum by the distillation of these 
deposits of 00 shale. 
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oonnficted north of tbe railroad by an almost unbrc^Den outcrop, and 
shale of sufBciant thickness and richness to warrant mining is sup- 
posed to imdeilie an area of at least 5,000 square miles in the Uinta 
Basin of northwestern Colorado and northeastern Utah. 

The features below the town of Grand Valley are much the same 
as those above it. The same white cliffs, with the maroon band 
about the base, rise above the railroad on the north, and the broad 
swell of Battlement Mesa rises on the south. Between lies the open 
valley, with its band of trees fringing the river and its patches of 

tfarm land where the sur- 
face is sufficiently level for 
•5 irrigation. In midsummer 

the valley dis|)lays beauti- 
ful siiades of green, but in 
autumn, after the early 
frosts have touched the 
Cottonwood trees along the 
river and the aspens on tlie 
slopes above, it bears a 
boautifid mantle of green 
and gold. 

The hills across the val- 
ley, although they lie with- 
in the Battlement Forest, are composed of the red and green shale 
and siindstone of the Wasatcli formation and are ahnost devoid of 
vegetation. (See PI. LXIV, A.) 

After being crowded close to the river by the high bluffs of the 
maroon shale and sandstone, the railroad suddenly emerges into the 

broad valley of Roan Creek at the little village of 
De Beque, which is flanked on the north by the high 
turrets, towers, and minarets of the White ChSa, 
As Boan Creek heads on the high plateau it oon- 
tains a never-failing supply of water, which is used 
over and over again in irrigating the level land within its valley. 
The pasture on the plateau is excellent, so that the principal indus- 
try in and aroimd De Beque is stock raising. 

West of the river there is a slight arch in the rocks on which a 
number of wells have been drilled in search of oil. Some of these 
wells have found small quantities of oil, but most of them have been 
" dry holes " — that is, holes that yield little or no oil. The slight arch 
in the rocks is r^rded as favorable for the accumulation of oil, for 
oil and gas are generally associated with water in the rocks> and as 
they are lighter than water they are forced up into the high places or 
arches, as shown in figure 38, but in the region about De Beque there 
seems to be little or no oil in the rocks to accumidate. 



Fiovu 88. — Relation of oil, gas, and water to an 

anticline. In a ikhous sjtndstone gas may be 
forced to Uie top of the arcli, oil wUl come next, 
and water win He tn the tower part 



De Beque. 

Elevation 4.945 feet. 
Population 292. 
DenTer417mUea. 
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A short distance west of the station at De Beque the railroad crosses 
Roan Creek, and beyond for some distance it runs through a rolling 
country, most of which is irngated and contains good i^raas. The 
river bottom on the east (left) , which occasionally may be seen from 
the train, is also largely under cultivation, and beyond it the high- 
land rises, terrace above terrace, up to the crest of Battlement Mesa. 

The intricate lines of sculpture that are carved by the rains in the 
soft shale or clay where it is not protected by a cover of vegetation 
or of broken rock are well shown in some badland buttes composed of 
maroon shale and clay of the Wasatch formation, a little more than 
2 miles west of De Beque* (See PL LXV, A,) If the light is just 
right to bring out the minute lines the entire surface of the buttes 
will appear to be made up of a series of rill marks that resemble the 
delicate fretwork of an artist. (See route map, sheet 6, p. 182.) 

The rocks acooss which the trav^er has been passing since he left 
Newcastle are bent into a great downfold or troughlike depression 
(syncline) whose east rim is composed of the coal-bearing sandstone 
(Mesaverde) that forms the Orand Hogback. Figure 37 (p. 148) 
represents the section across this trough as it is exposed by Colorado 
River. The other rim of the trou^ is crossed by the nilroad be- 
tween De Beque and Palisade, and through this rim the river has 
cut a deep and narrow canyon very different from the gap through 
the hogback at Newcastle. It is here called Palisade Canyon.^ As 
the rocks are the same at both places the explanation of tiie difference 
in the appearance of the gaps cut by the river must be sought in the 
difference in the attitude of the beds, or, in other words, in the 
amount of their dip. At Newcastle the thick bed of sandstone dips 
steeply toward the west, and as it is underlain by softer rocks it 
weathers into a sharp ridge, which can be traced for 50 miles to the 
north and is known as the Grand Hogback. The dip of the beds on 
the other rim of the trough is very slight, generally not over 10°, 
and the river cuts through the rim for 16 miles in a canyon that 
increases in depth as it approaches the outer margin of the sandstone. 
Figure 07 (p. 148) represents the rocks as they would appear in a 
deep trench cut along the line of the railroad. Above the coal-bear- 
ing rocks lies Ihe maroon Wasatch, and in the middle and overlying 
all the other beds, and consequently younger than the others, are 
the white beds of the Green Biver formation, but these do not appear 
near Palisade Canyon. 



*• So far as the writer is aware this 

canyon has been called by no name 
except *• Hogback Canyon," which ap- 
pears several times In the Hayden re- 
ports, printed about 1875. That name 
was never strictly appropriate, for the 



ridge of slightly dipping rocks across 
which the canyon is cnt is not n typical 
hogrback, and as the name has never 
become current it seems appropriate to 
give the canyon the name of Palisade 
Canyon, ttom the town of Palisade. 
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5?(»uth of De Beqiic the railroad is built on a low terrace at some 
distiinre from the river, but ntuir tlie entrance to Palisade Canyon, 
4^ iiiilos south of De Beque, halfway between mileposts 48 and 49, it 
reafshes tiic river (on tiie left) in a shallow canyon cut into one of 
the tiiick beds of sandstone near the top of the coal-bearing Mesa- 
verde foriuatioii. As the beds rise gradually downstream the canyon 
slowly increases in depth from its head to Palisade, where it ends. 
At Akin siding (milepost 51) the canyon wallFs are about 300 feet 
hieh. and they show well the alternate bands of resistant sandstone 
and hoft , easily eroded shale. Here, and there some of the Ms of 
sand&tone are ttiick and massive and form cliffs 40 or 50 feet high, 
but on the whole the alternation of shale and sandstone gives rise 
to sloping banded walls which have a bameness in appeaiance that 
soon Ijeconies monotonous. 

At l iiiin* I ^i-img (milepost 55) the walls of the canyon have in- 
creased m height to GOO or Too feet, but they have the same jreneral 
character. A mile west of this siding the train passes thrtniirh n 
tuimei which pierces ;? long spur (shaped in plan like a beaver's tail, 
hence the name Beavertail tunnel) tliat projects from the riglit 
wall of the canyon and then comes to a diversion dam which tiirus 
some of the water of Colorado River into a canal on the other 
side of the river. This canal is in sight throughout the length of 
the canyon below this point, and its effects may be noted in the 
crops and orchards on the high bench lands east of the river. 

Milepost 57 marJts the largest diversion project in the canyon 
known as the Grand Valley or High Line project of the United 
States Reclamation Service, which is intended to furnish water 
ior the irrigation of the high bench lands on the north side of the 
river from Palisade as far west as the western boundary of the 
State. The diversion dam, shown in Plate LXVI, is completed, and 
the canal is constructed as far west as Loma (see p. 163) and in the 
near tutnre will be extended to the State line.^' 



""The Grand Valley project of the 
United States Reclaiuuiion Service, 
usually spoken of as the Hlgb Line 
canal, provides for tbe irrigation of 

45,000 acres of land in Mesa County, 
Colo., comprising, ns shown in figure 
39, a strip along the iiortht^rn border 
of the valley above the old private 
canals from 2 to 6 mile» wide and 40 
miles long. Tlie water is talceii from 
Ckilorado River (fionnerlsr called Grand 
River) by a diversion dam (sliown In 
PI. LXVI) 8 miles above Palisade, into 
a main canal 65 miles in lengtli, ex- 



tending to a point 6 miles northwest 
of iMaclc. About 35,000 acres lies 
under tlie main canal and will be m 
plied by gravity, and 10,000 acres lies 
above tbe level of the main canal and 
will be supplied by electrically <9^ 
ated pumping plants. 

The most interesting engineering 
worlts in tliitj project are the dlvenloo 
dam ajid the first 6 miles of main 
canal, mUch are in the canyon «f 
Colorado River. The dam, which is 
unique in American engineering, con- 
sists of a concrete weir, 543.5 feet m 
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A. NATURE'S LACELIKE SCULPTURE. 

Fiue sculpturing by the rain on a hutte of rod and white clay on the ri^hl of tlic track 2 luilcs south 
of Dcucque. Every part of tlic surface is IhorouKhly drained, and cacti rivulet has carved for 
itself a distinct channel. FhotoKraph by Muriusi R. Cainpl>ell. 




H. PALISADE CANYON AT CAMEO. 

The walU of the canyon back of Cameo arc about 1,500 feel hi^h and are com posed of sundatoue 
and shale of tlie .Mtjflaverdc formation. These weather into castlo-like cUlTs and slopes, us shown 
in the view. Phutugruph liy Murius R. Cumi>bcll. 
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len^h. resting on a gravel foundation 

and proviihMl with seven steel roller 
crests for regulating the lieight of 
backwater. Six of these roller crests 
are 70 feet long and 10 feet 8 inches 



in height, and the seventh is GO feet 
l<nig and 15 fi'Ct 4 inches in height. ' 

During the period of low water, 
when practically the entire flow of tlie 
river wlU be diverted, these roller 
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The great High Line canal is crossed by the railroad a short dis- 
tance below the dam and may be followed by the eye on the right 
until it is hidden in a tunnel that carries it through a projecting 
rocky point. It is carried as high as possible, and though it has 
descent enough to enable the wat«r to flow readily, it is soon above 
the level of the railroad and can be identified only by the regularity 
of its baiika and the new rock dumps that mark the portals of its 
tunnels. 

Half a mile below the High Line dam Plateau Creek enters the 
river from the side opposite the railroad. This creek heads on the 
mesa far to the east and flows in a narrow valley between Battlement 
Mesa on the n<»i th and Grand Mesa on the south. The main auto- 
mobile highway down the river is carried over the low plateau 
east of the river, but at Plateau Creek it descends to the river and 
for the remainder of the distance to the lower end of the canyon it 



crests vlU rest on the weir and force 
the water Into tbe canal headgates, 
but at times of flood ibey will be rolled 
Tip on the piers, allov infr the high 
water to pass over the dam in order to 
avoid flooding the adjacent track of 
tbe Denver St Rio Grande Western 
Railroad. 

The first 6 miles of main canal par* 
allels the railroad track, and in nar- 
row parts of tlio canyon in this stretch 
three tunnels have been hnilt to avoid 
interference with the railroad. These 
tunnels are, respectively, 8,723, 1,655, 
and 7,292 feet in length and are lined 
tbroughout wltb concrete. The flrst 
two tnnnels are 14 by 16 feet in cross 
section, and the third is 11 feet by 11 
feet 6 inches. 

The main canal has a capacity of 
cubic feet per second for tbe first 
6 miles. About balf tbto water will 
be used for developing power and will 
be returned to the river through the 
propose<i power plant at the upper 
portal of tunnel No. 3. This piuni, 
wbidi has not yet been constructed, 
win develcp about 2,000 electrical 
horsepower, wbldi will be used in oper- 
ating putnps to supply wnter to the 
lauds that lie above the main canal. 

The last 60 miles of the main canal 
cousidtti uf open ditch, involving about 



2,600,000 cubic yards of excavation, 
and numerous flumeSt siphons, and col- 
verts, made to cross natural dmlnait 

courses. 

T^aterals will be constructed to de- 
liver water to each farm on the proj 
ect, and drainage works will be built 
as needed to remove surplus water ind 
prev^t the rise of the giound^ttr 
level. 

Water for seasoning the works was 
turned into tlie main canal in June, 
1915. 

The soils under the project are «f 
three general types — reddish tuA 
sandy loam, and adobe. The red soil is 
deep and well drainer! and Is specially 
adapted to fruit culture, though iirac- 
tically all crops do well In it; the 
sandy loam is an alluvial soil and b 
adapted to growing certain Taricties of 
fruit as well as alfalfa, cereals, pota- 
toes, sugar beets, and vegetables; the 
adobe soil is adapted to throwing al- 
falfa, cereals, sugar beets, and vege- 
tables. 

^Elie cost of the woriu Is advanced 1v 
tiie Government under the terms of the 

Reclamation Act, which provides t^at 
the actual cost shall be repaid by tW 
landowners in 20 years without in- 
terest, and that they shall pay the cost 
of operation and maintenance. 
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follows the opposite l»ank. Tlie walls of tho oanyoii here are al)oiit 

1,000 feet hiL'h nnd are t}ien*fore very ir]npt>sm«r, especially where the 

beds of san<l>ti)iie are particularly tliick or resistant. 

At the little toai-mining town of Cameo the canyon attains its 

maximum depth, about 1,500 feet. Its sides generally present the 

appearance of gigantic walls of masonry, the beds 

Cameo. Siindstone forming the courses and the ?oft shale 

EievaUon 4,774 feet. filHiMr in between them like tlie mortar in an arti- 
Denyer 488 miles. /• • i n .1 • ^ 1 .1 

nciai wall. On the projecting points between the 

main canyon anil the canyons of the tributaries the sandstone seems 
to form most of the wall, as it stands in gigantic pyramids that 
tower far above the bottom of the gorge. The pyramid on the 
projecting point just north of Cameo is shown in Plate LXV, B, 

Although the Mesaverde is the great Cretaceous coal-bearing for- 
mation in this region, it contains very few coal bods in Palisade Can- 
yon. At Newcastle it contains more than lOd feet of coal in beds 
thick enough to work, but in Palisade Canyon it contains only two 
beds. The upper of these beds is mined at Cameo and is gen- 
erally known as the Cameo coal bed. Mines- may be seen just south of 
the station on both sides of the track. The coal from the mine on the 
left is brought across the river on a high trestle, which serves as a 
tipple for screening tlie coal and loading it into railroad cars. The 
coal mined here is of medium grade and satisfies the local demand, 
but it is not equal to that which is mined south of Newcastle, or in 
the Crested Butte region, on the east, or at Sunnyside and Castle- 
gate in Utah, on the west. At the Cameo mine the coal bed has a 
thickness of 10 feet 11 inches, of which 9 feet 8 inches is clear coal. 

About a mile below Cameo the High Line canal passes through the 
plateau by a long tunnel which brings it out on the high bench land 
west of Palisade. 

Nearly 2 miles below Cameo the river makes a big curve to the 
right, and on the opposite side there is a low terrace not more than 
150 :feet high. This terrace has been built up by material brought 
down by a small creek that heads on Grand l^a, to the east. This 
material is so abundant and so indestructible that it has crowded the 
river gradually against the opposite (west) side, so that the river 
has b^ forced to cut under a great cliff, several hundred feet in 
height. From t^e train the traveler may see that this terrace is com- 
posed almost entirely of boulders of a dark rock, which dose exami- 
nation would show to be basalt, or hardened lava. Grand Mesa, 
which here and there may be seen on the east (left) and which over- 
tops all other features in this region, has been preserved almost en- 
tirely because it is protected by a cap of this basalt 

Below the terrace two small water-power plants have been con- 
structed for pumping water to higher levels to irrigate land that 
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could not be reached by the existinjr gravity lines. One of these 
phiuts supplies eiiuu^li water tu irrigate 2,300 acres ol land and the 
other enough to irrigate G,0(X) acres. The canals and puinpniL! \)\[iiiU 
which the traveler has seen in Palisade Canyon are moie exLeiisivo 
than any that he luis seen heretofore on this journey, and he may 
wonder why so much money has been spent to obtain the water of 
Colorado Kiver, but when he has passed out of the mouth of the 
canyon and has seen the wonderful chanL'o that the water has made 
in the one-time desert plain he will no longer question the wisdom 
of the expenditure. 

As the railroad nuikes a great ben<l to the west at the mouth of 
the canyon the traveler nuiy notice some small conl mines that are 
operating on the lowest or Palisade coal beil. l lus coal bed, which 
ranges from 3 to 7 feet in thickness, overlies the sandstone that if? 
regarded as forming tlie base of the Mesaverde formation. The coal 
bed and the sandstone are well exposed across the ri%-er, where n 
number of small mines have been opened to supply the lo<'al demand 
for fuel. Another small mine is also in o|)t ration just above the 
station at Palisade. The rocks here rise more rapidly than they do 
farther up in the canyon, and the lower slo})es of the cliffs nrc rum- 
posed of the marine shale (Mancos) that underlies the coal-bearmg 
formation. 

Near milepo.st < tiic canyon opens, and here begin the orchards 
of peaches, pears, apples, and other fruit that have made the town 

of Palisade famous. Its situation at the foot of the 
Pahsade. Book Cliffs protects it from late frosis in spring 

Ei<^vation 4.73ft fi>et. and from early frosts in autumn, so that almost 

D«iS487««;». ^^^^ t^i® ^^^^ ^^^^^^ irrigation and has 

been planted with fruit trees. (See Pi. LXVII.) 
Every year hundreds of cars of fruit are shipped from this place. 

Here begins the great southward'facing cliff which in the early 
days was named Book Cliffs becanse of the fancied resemblance of 
th(^ sandstone cap and the curved shale slope below to the edge of a 
bound book. A typical view of the Little Book Cliffs as they appear 
back of Palisade is given in Plate LXVIIT. The Book Cliffs begin 
at Palisade and stretch westward to Castlegate-, Utah, a distance of 
about 190 miles. They everywhere form the southern rim of the 
great trough of rocks on the north known as the Uinta Basin. Just 
west of Palisade the cliffs are formed and protected by a few beds of 
sandstone at the top, below which the slope consists of eiiale (Manoos) 
that was depodted there before the Rocky Mountains were in ex- 
istence, when the entire region was below the waters of the sea. 

These shale slopes have been intricately sculptured by the rain, 
and the traveler has many opportunities to examine them, for they are 



Digitized by Google 



1.9 



> 
ee 

n 

u 

o 
o 
»j 
o 

(>: 
c 




Q 

< 



o 



o 

Q 
-< 

o 
•J 
o 
o 



1 



0) 

> 
■a 

It 

>.'** 

II 



c e 

1 2 

1^ 
^ <- 

o > 

"2 a 

a Si 
U o 

«5 



.S-3 

h 

^3 

H 

CSS 

i.S 
u 2 

u- 9 

o 

g.s 

c 

.s 



Google 




Digitized by Google 



D£NV£E A BIO GBAHDE WESTERN BOUIE. 157 



visible on the north from the truin most of the way from Palisade to 
( 'astleL^ate. Tliu appearance of these slopes, like that of most of the 
laud ionns in a semiarid climate, depends lar^ly upon the light 
under which they aie seen. When the light is strong and strikes 
squarely against the face of the cliffs the slopes are expressionless 
and dead. One slope is like another as they shimmer in the hot rays 
of the sun, but when the sun is low the shadows show every detail of 
the «lof>ep. and thus revealed in black and white the surface of the 
clitis looks as seamed and wrinkled as the face of an oh\ man. Each 
slope is tlien lull of individuality — it shows intricate and wonderful 
8culptui-e. 

The valley that the railroad enters at Palisade is broad because 
the soft Manros shale, in which it cni-ved, is about 3,000 feet thick, 
and its erosion has produced flat or tolling lands except where tei*- 
races have been cut by the streams into l:»adlands or steep slopes. 
Although the shale contains considerable alkaline material, which 
is objectionable in farming, it makes in general some of the best 
farming land in western Colorado. Near the river it forms flat 
valley bottoms, as at the village of Clifton, but by proper under- 
draining even such fiat lands may be made very produdive. Orchards 

abound in this valley, and much fruit is shipped 
Clifton. from Clifton. Before the water of Colorado Kiyer 

Elevation 4,713 feet, was diverted and carried onto this land it wafl a 
s«^^'^3^iM. <i^«rt, inhabited only by jack rabbits and 

coyotes, but irrigation has transformed it into a 
fertile land, figuratively " flowing with milk and honey.'* Is it any 
wonder that millions of dollars have been spent in diverting water 
from Colorado River in the canyon above Palisade and in construct- 
ing great canals for delivering it to the tlursty land ? But even after 
all our gcsat irrigation works have been completed there will still 
be millions of acres of waste land, which could be converted into 
sites for homes of peace and plenty if water were avl^ilable. The 
great problem of the future is to conserve aU the water that is pro- 
duced by the melting of snov in the high mountain regions, by hold- 
ing it in storage reservoirs until it is needed, and then to distribute 
it to the desert land. Such work will require enormous sums of 
money, but it will in return supply homes to many thousands of 
people and bring immense wealth to the country. 

General views of the valley may be obtained from places near 
Clifton. On the east tower the wooded slopes of Grand Mesa; on 
the soutii, far in the distance, may be caught glimpses of the gently 
swelling surface of the Uncompahgie Plateau— <a surface composed 
of the massive sandstones which at some places underlie the Mancos 
shale and which everywhere overlie the granite that forms the base- 
ment upon which all this country is built. 
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The railroad traverseB tlie flat land of the river bottom to the point 
where Colorado Biver is joined by Gunnison River, which heads in 

the high mountains near Marshall Pass and which 
Grand Jnnctknu is followed throughout most of its course by the 
Bl«vfttioa 4,683 feet. naiTow-gage line from Salida to Montrose and bv 
nJ^IJiViwmite.. standard-gage line from Montrose to Grand 

Junction. At tlie junction of these roads 5?tand.s 
Grand Junction, a division point on the railroad and the largest 
town in western Colorado. Grand Junction is the center of a vast 
irrigated district whose climate is favorable to the growth of almost 
all kinds of grain, as well as forage crops, sugar beets, <]^rden truck, 
and fruit. It is particularly noted for its beet^sugar indutiti-y and for 
its fruit. 

The description of the country along the main line west of Grand 
Junction is continued on page 185. 

NARROW-OAOB lilNE FROM SAIiZDA TO MONTROSB. 

The description of the country along the main line east of Salida 
ends on page 00. 

The part of the Denver & Bio Grande Western Eailroad that 
runs over Marshall Pass was a part of the main line built mth a 
8>foot gage in 1881, and because of its steep climb over the moun> 
tains and its tortuous course through the Black Canyon of the Gun- 
nison it has not been changed from its original gage. To die 
traveler who has never ridden in a narrow-gage coach the name 
^ baby railroad," which was given to this system in the early da^is, 
seems eminently proper; hut after traveling over the mountains and 
turning and twisting through the narrow canyons he gains respect 
for the narrow-gage road, which in this part of the countiy was the 
pioneer of railroads and led to the development of the mineral re- 
sources and the agricultural wealth much earlier than if the road 
had been built standard gage. In Colorado, however, the day of 
the narrow-gage road seems to have nearly passed, and all sudi lines 
will probably be abandoned or changed to standard gage. 

The country about Salida is well watered, and much hay and giain 
is grown for the herds of cattle that may be seen from the train. 
Some fruit is raised, but the altitude here is so great that only the 
more hardy varieties will ripen. On leaving the station the rail- 
road runs southwestward, directly toward the great mountain wall 
that bounds the valley. (See sheet 8, p. 100.) It ascends the valley of 
South Aflmti'^ River, in which no rock can be seen in place 
except at a distance until the train enters the mountains. The im- 
mediate valley is excavated in gravel and boulders, which may he 
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seen on the right in the out cxh^e ot a well-developed terrace,** The 
lop of this terrace, when seen from a high point, apjjeais to be a part 
of what was once the floor of the valley. Remnants of n. similar 
though higher terrace may be seen in the foothills on the left at a 
much greater elevation. (See PI. XUV, p. 90.) 

The traveler is now near the high mountains, and he may look up 
on tlif left to lofty jjeaks on which the snow banks of the preceding 
wmter linger well into the ' 
summer and on which a m 
fleecy mantle falls dur- 
ing the first snowstorms 
of early autumn, or even 
occasionally during a 
cold midsummer storm. 
The commanding summits 
which may be seen from 
time to time are Ourav 

Peak (altitude, 13,955 40.-FormaTl<m of a rock tormce. 

feet) , near Marshall Pass (altitude, 10,856 feet), and Mount Chipeta 
on the left, and a group of peaks known as Mount Shavano (altitude, 




**Tlie mode of format iou and hence 
tlie meaikiug of terraces is of great 
Interest to the geologist who la at* 
tempting to Tpiravel the history of the 
land. Terraces are mainly the work 
of water, eilher ninnln?. ns in streams, 
or standing', as iu a lake or ocean: 
but the pre:$ent surface of Ck>loraxlo 
has not been modified by the ocean 
and lltHe by Ifikefl* so that moat 
of the terracee here were formed by 
rnnning water. 

J^treoms may form terraces of two 
kinds, known as cut terraces and built 
terraces. A stream may flow against 
a blelE of solid rock and cut It away 
above a certain line and thus piodace 
a flat which, when the stream has far- 
ther excavatwl Its valley, may be re- 
vealed as a terrace or bench. Such a 
terrace is represented in figure 40. A 
stream, has cut a valley in solid 
rock, represented by the diagonai«niled 
lines. After the stream has formed a 
flood plain it begins to meander or 
swing from side to side across the floo<l 
plnin. In the course of such a swinj; 
it may flow against the slope on the 



right and then, if the stream is- ac- 
celerated by uplift, it will clean out 
Its old valley and cut a trendi (c) in 
Ita rock floor, leavlnif the part at h un- 
touched. The part at b is then a rock 
terrace on the side of tlio valley and 
merely a remnant of ilic old valley 
formed when the stream was flowing 
at a higher level. Such terraces are 
called cut terraces and are rather rare. 

The second: kind of terrace is known 
as a built terrace because It is built 
of waste rock material by waves or 
running water. Most if not all of the 
terraces in a mountain region are built 
A terrace Is generally not built up di« 
rectly by a stream but is the result of 
the filling or partial filling of the val- 
ley and of its partial excavation by the 
stream. If a mountain stream, such as 
the Arkansas, which is now able to 
carry along nearly all the sand and 
bouldefs swept Into it by its tribu- 
taries* should be dammed by a flow of 
lava or other obstruction, it would be 
unable to carry its load of this ma- 
terial, which would be dropped in tlie 
pond above the obstructiou. iu time 
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144t9 feet) on the right The lower slopes are more or less covered 
with timher, which becomes scanty as the height incresseB, imtil 
finally even the stunted balsams disappear (see PI. XLV, A, p. 92) 
and at the sommits there is nothing but wind-swept loek. The slopes 
vary in color according to the light, at times being rich red or bright 

yellow in the strong sdn- 
light and at otii^rs deep 
purple or a steely blue. 
The color of the lower 
slopes depends largely <m 
the vegetation, but that of 
the upper slopes depends 
on distance and light. In 
spring and summer the 
shrubs and trees present 
many shades of green and 3 ell()w. Init tliey are most brilliant in Sep- 
tember, when the first frost tuueheii them and ting^ them with red 
or gold. 

The railroad follows the vallej' up to the village of Poncha, where 
the road to Marshall Pass turns to the soutli (left), but a branch 
Poncha. keeps straight ahead to the mining town of Mon- 

Eievation T,480 feet, arch, 15 miles distant, where it ends. From Monarch 
Popttlation (ill- the principal highway between Salida nr)d the Gun- 

Springs) 328. nison Valley is an automoltilc road across the range. 
Denver 220 miles. The Marsliall J?ass line turns to the south in a 
broad curve and begins to climb the range. For half a mile it cuts 




B 



FiaoBB 41. — Formatloik of a graTd terracft 



the material would fill this pond and 
form a plain that would stretch eo* 
tlzely across the valley. The result is 

shown by section A, in flprnre 41, in 
which tlio valley is represerjted aa 
filled with gravel and sand, forming a 
plain a-b, over which the stream flows 
at 0, liar above bedrock. If the stream 
then snceeeda In cutting thnragh the 
dam of lava it quickly trenches the 
sflnd and gravel laid down in tlu' pond, 
except tlie parts that lie at some dis- 
tance back from the middle of the 
channeL The result is shown by sec- 
tion B, In figure 41, in vrhUstk the 
stream has cut the trench d-f-e^ leav" 
iug d and e as terraces on the sides of 
the valley, composed of sand and 
gravel which tiie wuier has deposited. 
Most of the terraces In the mountains 
have had such an orlglh, excopt that 



the ponding has generally been due 
not to lava flows but to the sluicing 
of the crust of the earth, which 

would have the same effect as a lava 
flow. In some places it may hHvc been 
due to a decrease in tlie volvuno of 
water flowing in the stream, and al- 
though at first thought this may not 
«eem to be comparable to the lara flow 
in its effects, a carefal study will show 
that the carrylnjr powor of a «troRm 
is directly affected by its volume and 
grade, so that If its volume or its 
grade Is reduced ttg carrying power 
will be reduced— it will not be able to 
sweep along the boulders that it bad 
before handled readily. A stream tiuis 
ivduced in or ltivIo silts up its 

bed, and it later its ilow or grade Is in- 
creased it cuts away all this material 
except the renmaatB that form terraces. 
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through ridges and spurs of gravel and boulders which constitute a 
part of the high terrace already mentioned. Near milepost 222 it 
enters the canyon which Poncha Creek has cut in the hard rocks that 
compose the mountains. 

A quarter of a mile above milepost 223 the railroad swings *to the 
left in a broad curve around a mass of loose material which has been 
swept down from a small gulch on the right, and almost immediately 
after swinging back into its normal position it has to make another 
curve in order to pass a 
second mass of similar 
loose material. Such 
masses, if fairly flat, are 
known as alluvial fans, 
but if steep they are 
called alluvial cones. 
The fans in Poncha 
Canyon are shown in 
the aooompanying dia- 
gram (fig. 42). On the 
first fan the radial lines 

occupied by the StoeaiDS S^'"* *2. — AUunal fans in roncha Canyon. The ma- 

. ' terlal that has been t^ept out of two ravines in the 

at dltterent times can aunuitaliMi Iv upnaa <rat in BemldKalar fans, wlildi 

easily be seen from the ^ miroad is obilged to paw anmnd to two attavp 

tndn, as they are marked 

by straight depressions and by ridges of boulders and angular pieces 
of broken rock which have been swept down by the stream. 

The canyon is narrow and V-shaped as tar as Mears Junction, 
where it abruptly changes to a rather broad valley with a flat, 

swampy bottom, which bears all the marks of hay- 

Mears Junction. . _i • 

mg been occupied by moving ice-^hat is, by a 
Dlnv«226 miier* glacisr.^ At MesTs Junction a branch railroad 

turns to the right and after circling about over the 
main line turns back on the left and climbs the mountain slope to 




"A Rlac'ier that occupies a rather 
brond, flat-bottomed valley almost in- 
variably builds a ridge at its lower 
end, composed of fragments of rock 
mixed "With, day that it gronnd away 
from tbe toda orer wMdi it paased. 
All this material is carried on or in 
the moving mass of Ice and Is laid 
down at its extremity in a ridge that 
is Imown as a terminal moraine. 

If PoQdia Valley had once been occa- 
pied hy loe it ahonld contain some 
trace of a tennlnal moraine, although 



a moraine in a narrow valley may be 
more or less waslied away by tbe 
stream after the ice has disappeared. 
A close examination o^ the side of 
the yalley below Mean Jonctlon shows 
such an accumolation, though It may 
not bo noticed from the moving train- 
It consists of a distinct ridge of loose 
material which projects from the east 
(left) wall of the valley and causes 
the stream and the railroad to curve, 
to the ili^t in order to paaa It. At 
the point where the railroad rounds 
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Poncha Pass, which stands at an altitude of D,059 feet, and then 
descends into San Luis Park. Curiously enough, this branch line, 
in the heart of the Colorado mountains, has one of the longest 
stretches of straight track in this country — '^'2 miles without a curve. 
Ponc^la Pass is much lower than Marshall Pass, and the traveler may 
look down into it when he is part way up the mountain. 

Above Mears Junction the character of the vaUey is different in 
different parts, making the answer to the question whether it was 
occupied by ice somewhat doubtful."* 

About 2 miles above Mears Junction the valley is again wide and 
flat-l)uttomed and has all the features generalh' attributed to occu|>a- 
tion by ice. In this wide part of the valley the railroad crosses to 
the east side, T^here it runs for nearly a mile, and tlien swiii<:s: across 
the creek and rclurns on the opposite slope. ^Vs the road curves 
across the creek the traveler may see by loukins: upstream that this 
brancli of the valley is not broad or U-shaiicd ;irid was therefore 
probably never occupied by ice. As the trLiiii climbs the west wall 
of the vaiiey many interesting views of the fe^tureH described above 
come into sight. It turns around the head of every ravine and then 
out around every projecting point, as shown in Plate LXIX, 5, until 
finally it comes to the top of the hills that face the Yalley. On one 



the outermost poiut of the moraine 
theie 18 a tign marked ** Yard limit" 
Here, ftien, is a fragment of a terminal 

moraine, which IndicateB that the 
valley above has b^pn broadened nnd 
its "wnlK- ^tPf»pone<i vSince it was carvefl 
by ruuuiug water, so we must conclude 
that a great glacier long ago gathered 
on some of the high peaks that border 
the headwaters of Poncha Ore^ and 
flowed down to this point. 

*" About a mile above Mears Junction 
the valley changes from a broaU, flat- 
bottomed swale to a narrow roclcy 
ravine do^ which a glacier could 
probably not bare moved without 
scouring it and changing its form. 
Where, then, did the glacier come from 
that scourer] the valley at Mears Junc- 
tion and built the terminai moraine a 
Short distance below? It is not appar- 
ent from ttie train wh^ this bo^ of 
ice could have originated, bat if the 
traveler conld climb some of the low 
hills on the right he would find that 
they are composed of gravel and sand, 
and that Instead of being the foothills 
of tbe mountain they are only low hills 



that separate Poncha Creels from the 
wider valley of a tributary on the 
west, which drains the vaUesr between 
Ouray and Chipeta pealcs and Joins 

Poncha Creek tlirough a narrow gap 
in the hills just above Mears Junction. 
It thus seems that tiie glacier came 
down this broad valley before the hills 
on tlie west side of Poncha Cre^ were 
built and that it extended down tb» 
main valley to the terminal moraine 
already described and then retreated. 
After a lon^ interval it readvanced, 
though not so fur as formerly, and 
built on the west side of Poncha Greek 
a terminal moraine which now could 
be easily mistaken for the normal walla 
of the v'lilf'v. Another glacier must 
liave come down Poncha Creek, for the 
valley broadens a short distance far- 
ther up and has all the appearance of 
having been occupied by /ice. This 
glacier came down the valley of the 
east fork, which has heon scoured out 
until its cross section is a symmetrical 
U. Tills glacier originated near Pon- 
cha Pass and extended oul^' a Xew hun- 
dred feet into the main valley. 
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A. MARSHALL PASS. 

View from the hills on the. south. Tliis pass was discovrreil in 1873 by Lieut. Willinm L. Marshiill. 
Its HlrikinK feature is the lack of the rugpedncss llint chnracteri/.cs many of the olJier pn-ss^-s 
throuKh the Ito«:ky Mountaiutt. PhotOKraph by Whitman Cross. 




B. OURAY PEAK. 

This view shows the tortuous route followed by the railroad in its climb to Manthall Pass, which 
lies to the left, behind the dhuulder of the mountain. The (treat tclacial cirque in the nwtheast 
side of the mountain looks like u crater, and on that account the mountain has been cnll<>d a 
volcano. Pholo^'raph by tlie Detroit Publiahiiig Co.; furuiiihed by tlie Denver & Rio Grande 
Western Railroad. 
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SPIRHS OF VOLCANIC ROCK NEAR SAPINERO. 

Mucli of this couiilry was oiu;c cov«rod wilJi volcanic tuff connUtinK of frutnncnts of 
luya of ull sizes, which ia hoiliiod like ahule or clay. It is sofl and ia readily cut by 
ruia nnd Htreums into licautiful and fantastic forms. I'hotofrraph by WiJIis T. Ijcc. 




B. INTRICATE EROSION OF VOLCANIC ROCK. 

This mass of volcanic tuff is so dissected by rain erosion that it cnnsi.its only of numberless 
spires and pinnacles. It makes picturesque cliffs that ore hard to climb. Similar shoela 
of luff cover Ihe hills on Inith sides of (funnison Valley. Photograph by Willis T. Lee. 




C. SHEEP IN THE GUNNISON COLNTRY. 

Many sheep are pastun"*! in (he Cninnison country. In midsummer they reach the 
higher slopi^ uf ihc uiuuuliiius, us ahuwji in tiiis view. PholoKruph by J. i. Ilualcr. 
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of the last bends the traveler may look down upon Toxicha Pass, hut 
from a distunce i-o ^]freat that p;ood eyesight is needed to distinguidhi 
even the telegraph poles that rii:irk the line of the railroad. The 
chain of high peaks which lies beiiind the pass and which is kiiown 
as the Sangre de Cristo Range here begins to loom up, and as the 
journey continues it grows steadily in apparent magnitude until it 
is lost to view over the summit of Marshall Pass. 

As the train continues to climb upward the traveler will observe 
that the slopes become less and less rugged, and he soon begins to 
realize that tlie mountain masses about him, which looked so foi tn id- 
able when seen from below, are really only the foothills of tiie liiglier 
range and that many of these foothills have a nearly common height 
and are relatively flat topped. Tliese Hat tops stand at an altitude of 
9.300 to 9,500 feet and may con esf>ond with the roiling plain at the 
north foot of Pikes Peak and with the tops of the Front Range 
as seen from Denver. Their equivalence with those features can not 
be regarded as proved, but they suggest thnt at one time much of 
the mountain region of Colorado was a iDllmir ])lain above whose 
generally even surface only a few high knobs projected. Later this 
surface was upraised to its present position, and the mountains as 
we know them to-day were carved from the uplifted mass. 

As soon as the railroad reaches the top of the hills that front the 
Talley it changes its course to one directly toward Mount Ouray, 
which is the most conspicuous feature in the landscape. The road 
winds considerably, but from time to time the peak can be seen 
from either side of the train, though the best views are from the 
left. The peak is not symmetrical, but looks as if some giant had 
taken a great bite out of the side next to the traveler, as shown in 
Plate LXlXy B, And, indeed, a giant has taken a bite out of the 
dide of the mountain, but the giant was a glacier that once lay high 
up on its slopes and that gradually ate out a great amphitheater or 
cirque, as it is called by geologists."^ This cirque looks large even 



'i^Tbe exact method by wbldi a 
glacier excavates an amphitheater or 

cirgae is not very well understood, as 
all the work is done under the ke and 
h*»nce can not be seen. It can bo 
jtidged ouly by the form of the cirque 
after the glacier has melted away. 

The term spader means moving ice. 
The snow falling on a moimtain aide 
consolidates Into ice under its own 
\voif,iit and finally becomes so heavy 
that it begins to move down the slope. 
In doing so it takes with it some of 
the underlying rock to which it has 
frosen, and thia action, repeated many 



timea, tends to produce a hole In the 
mountain side. Aa the tendency ia to 
pluck out the rock equally In all di- 
rections from which the ice noves to 
the point of outlet the cirque has a 
semicircular shapii and the plucking 
tends to cut back horizontally, so that 
the floor of the cirque Is nearly level 
or It may be slightly deepmed bo aa 
to form a rock basin. The walls of 
cirques in many kinds of rocks stand 
nearly vertical, but the walls of the 
cirque in Ouray Peak, which are com- 
posed of granite, take on a more gentle 
elope, aa ahown In Plate LZDC, B, 
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from the train, for it is about half a mile wide and probably 1,000 
feet deep, but what must it look like when viewed from its rim I 
Ouray Peak is supposed by some to be an extinct volcano, probably 

because of the resemblance of this cirque to the crater of a volcano. 
One of the best places froui which to see this cirque is Grays siding, 
at an elevation of about 9.673 feet. Here tiie locomotive may take 
water, and the traveler may have an oppoi-tunity to step from the 
train and obtain a view of the mountain and the surrounding 
features. 

A short distance above Grays sidinjr extensive views appear on 
the left at many places. The chief points of interest are the peaks 
of the great Sanjrre de Cristo Kanpe, and at their base the upper 
end of San Luis Park. Farther up tlie railroad the slopes on tiie left 
are very steep and are covered with a mantle of trees. The trees 
are not very large or verv thick, but they conceal and soften rocky 
slopes that would otherwise l)e bare. Here the traveler may see the 
blue spruce for which Colorado is noted. Only the ymmo; growth 
has the characteristic bluish-green color, but when the cones have 
renched their full prrowth the tree is one of the most beautiful in 
liie forest. In midsummer these slojies form a sea of green; but if 
the traveler should cross the pass after the middle of September he 
will see the aspens in a golden blaze, and even in the thick forest 
he may see specks of yellow as brilliant as any of the "colors" in 
the prospector's pan in the early days wijen he stnick "pay dirt." 

Beyond milepost 2?>d the railroad runs alon^r the side of a bouldcrv 
ruliiv nt the foot of the bare cone of Ouray Peak. The traveler is nt 
first so far below the summit of this rid^re that he probably does not 
realize that it is a moraine which was evidently formed by one of the 
last glaciers that existed on the south slope of the mountain, but 
wlifin he is a little nearer the summit of the mountain he will be able 
to see the small drqiie which this glacier exeayated, though he will 
notice that it is not nearly so large as the cirque which he saw from 
Grays sidmg* The reasons for the difference are that the glacier 
which lay on the east side was in the lee of the mountain and reoeived 
more snow than the other one, which was exposed to the strong west 
wmd, and that the snow which fell upon the glacier that faced the 
east was not readily meliad, whereas the other glacier, which faced 
the south, must have received the full warmth of the sun's rays. As 
the glacier on the east side was thus favored in the accumulation of 
snow and in the slight melting of the ice it grew apace^ whereas the 
one on the south side was always small and doubtless soon dwindled 
away. 
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Beyond the moraine the railrond pnsses throiitrh a swampy flat, 
which is possibly the cirque of a much older ^rlacier than those just 

described. The traveler will see on the right the sta- 
Marsfiall Pass. ^j^j^ ^ rvLTigcr who guards the national forest. 
Snwsio^mtt^!^*^ Although his station is desolate and the passing trains 

are his only diversion this ranger must remain here 
on duty to prevent forest fires and to look after the interests of the 
Forest Servire. At last the train stops in a small cut, and the traveler 
is at the summit of JSIarshall Pass, more than 2 miles above the level 
of the sea. This pass as it appears from the hills on the south is rep- 
resented in Plate LXIX, A, The view from the summit, like that 
from many high mountains, is not so siariking as a view from a point 
lower down, but it includes a vast expanse of country, especially on 
the west. Few real mountains can be seen in that direction, and the 
high land in sight consists mostly of vast plateaus which lie at differ- 
ent elevations. The pass was named in honor of Lieut. William L. 
Marshall, who was the first white man to cross it, in 1873.'^ 



Marshall Pass was discovered In 
1873 by Lieut. WUliam L. Marshall, 
later chief of engineers In tbe United 
States Army, not as tlie result ot i^s* 
t'Tiintlc exploration, but In ordw to 
liii 1 leliet from toothache. The fol- 
lowing account of tlio discovery is con- 
densed from a recent article on the 
subject by Thomas F. Dawson in ** The 
Trail ** (Sept., 1020), tlie official organ 
of the Society of Sons of Golmdo* 

In 1873 Lieut. Marshall, in charge 
of the Colorado branch of the Wheeler 
Survey, had siieat the summer and 
autumn in the San Juan region, but 
on the approach of winter the snow 
became too deep for mountain explora- 
tion and be decided to abandon work 
and go to Denver. It was arrangred 
that the party should follow the regu- 
lar route by way of Cochetopa Pass, 
but as Lieut. Marshall had a very 
painful tootliacbe, he decided to strike 
out on some shorter route so as to 
reach Denver ahead of his party and 
to find relief from his suffering. He 
accordinjrly started with one compan- 
ion, Dave Mears, on mule back and 
with one pack animal to find a diort 
cut He first tried to cross the range 
west of Twin Lakes but found the 

806W—22 IZ 



snow too deep ; tiien he tried an en- 
tirely new route at the head of Guu- 
nison River, and after a hard struggle 
through fUlen timber and deep snow 
he reached the summit in a pass which 
he had seen from a distance but never 
crossed. T.ieiit. Marshall realized that 
the pass he had discovered was one 
over which a road or even a railroad 
could easily be ccmstmcted, so despite 
the toothache and the icy wind the 
party spent a day and nlplit on the 
summit making observations of the 
tcmi)erature and barometer and pre- 
paring a protiie showing the ap- 
proaches on both sides. 

When tiie observations were oom- 
pletefl the party pushed on to Denvei, 
where a dentist soon relieved tlie tooth- 
ache. Tn a short time the news of the 
discovery of the pass became noised 
about and Lieut Marahall was waited 
upon by a delegation of prominent 
citizens who, with true western push, 
organized the ^farshall Pass Toll "Road 
Co. and In n f( \v montlis completed a 
wagon road through the pass. 

What would the traveler of to-day 
think of making a mule-back Journey 
of 800 miles In the snow across the 
monntahis of Colorado to find r^ief 
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The railroad cut at the summit of the pass is in a volcanic breccia 
made up of bombs and other fragments thrown out by a volcano and 
afterward consolidated and cemented into a bed of rock. The source 
of this volcanic material is not known, but it probably came from the 
south, where the eruptions were many and violent, though they did 
not extend into this region. This breccia is much yonnorcr than the 
rocks of Ouray Peak, and it therefore does not indicate that that 
mountain is a volcano. 

The steepest railroad grade on the east side of the summit is 4 per 
cent, or 211 feet to the mile, a grade that is maintained from a point 
not far above Mears Junction to the summit, a distance of 14 miles. 
The gi'ade on the west side is the same from the summit of the pass 
to a point about a mile below Chester, a distance of 9 miles. As the 
maximum grade on the standard-gage main line is only 3 per cent, 
or 158 feet to the mile, a change in gap:e here would probably mean 
an entirely new location, so as to avoid the steep grades and short 
curves. 

On emerging from the snowsheds at the summit the traveler has 
spread before him on the left the long slope down which the rail- 
road winds with many loops and turns. This side of the mountain 
is more nearly treeless than the east side, because it is much drier, for 
it is swept by dry winds that have passed over the arid plateaus of 
southern Utah and Arizona. There are no indications that glaciers 
ever existed on this side, for the entire slope is exposed to view and 
nothing resembling a terminal moraine can be seen. This fact also 
is due to the strong west winds and the drier atmosphere on the west 
side aiid to the greater heat of the sun's rays, which aided the melting 
of the snow on the south and west sides. After the train loops back 
directly under the pass there is little of interest to be seen ; the slopes 
are generally smooth, and the valley is without scenic attractions. 

A short distance west of Marshall Pass the railroad go^ from 
volcanic breccia to granite and then onto quartzite and shale similar 
to those seen below the Ouray or Leadville limestone in both Eagle 
River canyon and the canyon of Colorado Biver above Glenwood 
Springs. These rocks are not strikingly exposed and probably will 
be detected only by those who look specially for them. 



from a toothache! Such a trip would 
he bad enon^h to make under pipsont 
conditions, but what must it have hevn 
thru ugh an uiibroketi wilderness and 
across tbe backbone of tbe continent! 



Truly the "winning of the West" 
callod for courage and endurance of 
which the traveler of to-day, with all 
the comforts and even luxuries of 
travel, can bave little comprehension. 
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Chester. 



The railroad gradually descends the slope, and at Chester it is at 
the level of Tomichi Creek. For some distance the valley is small 

and narrow, but farther on it opens, and crops of 
hay may be seen on the flood plain. The chief 
^i^M9M?«lr^ industry of the country is stock rusmg, for die 

hi^h mountains afford excellent summer pnstnro 
and the bottoms along the creeks produce hay for the subsistence of 
die stock during the winter. Cattle may be seen on the range at 
many places, especially in midsummer, and bands of sheep find pas- 
ture at the foot of the highest mountains. (See PI. LXX, 0,) 

Below Chester the valley expands, and at Sargent the stream, 
which the railroad has been following, is joined by a large branch 

from the north. Sargent is a busy railroad point 
Sargent. which still bears the marks of a frontier settlement. 

Elevation 8,477 feet Here "helper" enf]^ines are kept to assist the trains 
nwTw^T mttes. up ^ heavy grade to the summit. The rock near 

Saigent is mainly granite, but it is not conspicuous, 
for most of the slopes are smooth and round and few ledges are visi- 
ble. The granite ex- 
tends as far as mile- 
post 263, where it is 

replaced by sandstone nvk sc. 
(Dakota), which forms 
a pronounced hogback 
on both sides of the 
tracks. This hogback 
forms one edge of a 
broad, flat basin of 
sedimentary rocks that 
extends practically to 
Gunnison. Where first 
seen the Dakota sand- 
stone is overturned, as shown in figure 43, showing that the down- 
folding of the basin was accompanied bgr a stzong thrust from the 
east. 

The Mancos shale forms the surface of the inner part of this great 

basin for a lonj^ distance. This shale is so soft that it is seldom seen 
in outcrop, but it has a decided effect in subduing the features of 
the landscape. The valley has a width of 2 or 3 miles, the slopes 
bordering it are gentle, and the hills are low. In the midst of the 
broad valley, or rather on its north (right) border, is a prominent 
mountain called Tomichi Dome, which rises more than 2,000 feet 




Figure 43. — Overturned eastern rim of the aiTncUiio at 
Crookton. Dakota Moidtlmie dipt alboe^ to tlw 
aootiieut. 
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Doyle 

BleTation 8,062 feet. 
F«p«latloii 122.* 
DeoTer 270 miles. 
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above the level of the valley. As shown in figure 44 this mountain 
is a great stock or mass of granite, much younger than the granite 
of the main mountains, that has been forced up through some crevice 
from below. It is much harder than the surrounding shale ^nd henoe 
stands up as an isolated mountain mass. The elevation of the valley 

here is so great that few grains will mature, bin 
fine crops of hay are grown and the level valley 
floor is dotted here and there with ranches. Doyle, 
the center of much of this fine meadow land, is 
connected by st^ge with Waunita Hot Sprin*,^. 
about 8 miles to the south, which is said to be a very beautiful health 
and pleasure resort. 

Below Doyle the valley grows narrower, and within about 3 miles 
from the town the Dakota sandstone rises from the floor of the valley 

and makes prominent ledges 
TiMfMhiDome St. ^ ©itheT sidc. This sand- 

stone is underlain by the 
variegated ^hale and sand- 
stone of the Gunnison tat- 
mation, and this in tun 
rests directly upon &t 
granite, which forms the 
foundation of this moun- 
tain re^OQ. The Dikoti 
sandstone rises only a few 
hundred feet above the terd 
of the stream, and the underlying rocks are worn into fantastie 
shapes, as can be seen on the north (right) side of the valley. 

From the point where thej first appear to a point a few miles be- 
yond the town of Ghmnison the Dakota and the underlying Gunnison 
formation on the north side of the valley are continuously from 90 
to about 300 feet above the level of the stream. In general, the 

valley continues wide and includes many hay fields. 
ParltaL Parlin, at the month of Quartz Creek (see sheet 

Biewtton 7,062 feet 6, p. 182), is the principal town in this aiw- 

It was formerly connected with Buena Vista by ft 
narrow-gage line of the Colorado & Southern Bail- 
way, but owing to the caving of the tunnel at the summit of the 
range service on this line has been discontinued. This branch wss 
originally built down the valley to Gunnison, and the old track is 
visible at several places on the right On the south side of the vaBey 
the sedimentary rocks can be traced to Parlin, but below this plsce 
the granite that forms the lower slopes is overlain by a great maas 
of volcanic rocks. These rocks cover every high point that projects 



FiGURK M,- flection through TomichI Dome, show- 
ing Uie great mass of cryHtalline rock (a) Uiat 
hM forced its way upward, wnUe in a molten 
cundition, through the older snuilte ib) and 
Hedlmcntarj rocks. 



ropulatlon 90.* 
Denver 277 mUes. 
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into the valley from the south between l*arlin and Gunnison. Two 
miles below Parlin 1 Oniu hi Creek is joined from the south (left) 
by Cochetopa Creek, down which in 1853 came the exploring party 
which gave its name to this county. This party was one of several 
authorized by Congress to explore for the best route for a Pacific rail- 
road. The party, under the command of Capt. J. W. Gunnison, 
entered the mountains by the pass now known as La Veta Pass, 
throu«rh the Sangre de Cristo "Range, and crossed the north end of 
San Luis Park, reaching tlje Continental Divide at Cochetopa Pass 
(altitude, 9,088 feet) . (See sheet 3, p. 100.) They descended Coclic- 
topa Creek to its junction with Tomichi Creek, and this stream to the 
Gunnison, and so continued down to Colorado River (then the 
Grand). The party crossed Cochetopa Pass on September 2 and 
reached the present site of the town of Gunnison about September 
7, 1853. 

The railroad follows Tomichi Creek to Gunnison, the county seat 
of Gunnison County, which is at the junction of Tomichi Creek and 
Gumuson Kiver. The broad tract of level land on which it ptands 

affords an almost ideal site for a town, and Gunni- 
Gunnison. g^pj which was founded in 1874, has now succeeded 

SmiSlJSon^alQ**^ spreading itself over so large a part of this tract 
Ii«iiver289 tbat it should be known as the town of " magnificent 

distances." It is a railroad junction point of consid- 
erable activity, for a branch line extends from it to Crested Butte and 
Baldwin, in the coal fields to the north/^ Before the slump in the 
price of silyer in 1893 there were two smelters here, and the town 
was a thriving supply point for a large mining district. Since then 
its business activities are ainiost entirely due to the fact that it is 
the division headquarters of the narrow-gage line and a railroad 
junction point. The town is the center of one of the best fishing 
r^gicHOS of the State and the site of one of the State normal schools, 
and, according to some of its inhabitants, it has the finest climate 
and water in the world. 



"The coui iieltJ of Gunnison County 
i8 the southernmuHt part of the great 
qyndlaal baslii of coal-bearing rocks 
which Btretdies from this place north- 
ward to White River and then west- 
ward nearly to the Wasatoli Moun- 
tains in Vtnh. Thbr. hastn is crossed 
by the main line oi Wie Denver & Rio 
Grande Western Railroad between 
Newcastle and Palisade. The coal 
beda In this great stmctaral basin 
are contained In t9ie IfeaaYerde fonaa* 



lioii, which is a formation in the upper 
part of the Upper Cretaceous series. 
(See table on p. n.) 

The number and thickness of the 
coal beds difrer greatly from place to 
place, and th«> cmi] tlu-y contain iils^o 
differs in quality, ran^ring from sub- 
bituminous to anthracite. The coal 
of highest rank, Including anthracite, 
is found In the southern point of the 
tMtkk, near Created Butte, only a few 
miles north of Qunniaon. The coal In 
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As both the character of a country and its scenery d^end entiiely 
upon the kind of rocks in it and upon their relations to one another 
it is welly perhaps, to outline briefly the eaaential features of the 
geology of this region before attempting to describe the valley of 
die Gunnison. The most striking element of the scenery along both 
lines of the Denver & Rio Grande Western is the very old granite 
and gneiss that are exposed in the Boyal Gorge, the Eagle Biver 
canyon, and the canyon of Colorado Biver, on the main line, and 
in the Black Canyon and adjacent parts of the Gunnison YaUey. 
These rocks, which axe without true bedding, have been crushed 
and folded until their structure is generally very complex. After 
they were crumpled they were planed down by the action of the 
weather and the streams until their upper surface was fairly even 
and probably lay near sea leveL The land sank somewhat irregu- 
larly, and on the smooth slopes of the granite were laid down sand 

and gravel, whi«^ later 
became sandstone and 
conglomerate. Upon 
these rocks other sedi- 
ments, which became 
shale and limestone, wen 
afterward deposited. 
Some of the^e rocks are 
of Cambrian age (see 
the table, p. ii), and 
some are as ]ate as Upper Cretaceous. These rocks then passed 
through many changes caused by uplift and erosion and prob- 
ably during several epochs were planed down by the streams 
almost to sea level. The latest mo\ ement in the earth's crust has 
been one of elevation, which, lifted the region to its present posi- 
tion, many thousands of feet above the sea, where the streams are 
vigorously attacking the rocks and cutting broad valleys or deep 
canyons, the results of their action depending on the kind of rock 
they encounter. A stream may at first cut down through relatively 
soft limestone and shale and may then encounter the massive granite, 
so that the top of the canyon may be broad and have gentle slopes 
(see fig. 45), whereas the })ottom may be no wider than the stream 
that has cut it and may have practically veitical walls. The planing 




Hard 



FiODBB 45. — Section abowlns tbe effect of bard, and 
soft rotkn on the form of a canyon. 



this part of the baahi has been baked 
and converted to antbracite tbroui^ 
tbe beat generated by the great intru- 
sions as well as by the surface flows 
which accompaDied tbe volcanic activi- 
ties of the {tast. Both bituminous coal 



and antbracite are mined in this Held 
and find their way to market through 
Gunnison. Tbe coal output of Gunni- 
son County rose steadily to a maximum 
of G40,9S4 tons in 1910. The output in 
1918 was 5&i,905 tous, 



Digitized by Google 



* 



DENVER & BIO GRANDE WESTERN ROUTE. 



171 



down of the granite has made the surface of tlie land adjacent to 
the tops of most of the narrow canyons flat — in other words, the 
streams have cut (rcndies in mesas or plateaus. 

In the Gunnison Valley another chapter has been written as an 
episode in the geologic history of the gtneral region — a chapter re- 
cording events of a time, after the sedimentary rocks had been de- 
posited, when the region was covered with lava flows or with material 
derived from tlicrn or from volcanic eruptions. 

From the suiniiiary of the geologic history of the region just given 
the scenery below the town of Gunnison, even including that in the 
Black Canyon, may be more readily interpreted. The country for a 
few miles below the station at Gunnison must have been at some time 
long past flooded with lava. The volcanic rocks thus formed are now 
genernlly soft, but in places, as on the upland southwest of tlie station, 
they riHo above the general level in great iiionuments or spires, making 
a very rougii country. (See PI. TiXX, B.) The character of the vol- 
canic rock — a lu eocia — which comj)oses much of the surface where tlie 
slopes are smooth, may Ix e n in the cut at milepost 290. 

\\Tierever the granite appears above the level of the streams they 
have cut into it narrow canyons, above which the sloj)es may be very 
gentle up to some horizontal bed of sandstone, Avhicli generally stands 
out as a mesa cap. WTiere the slopes are gentle and the valley is broad 
hay fields abound, but where the valley narrows down to a canyon the 
bottom can not be cultivated. 

The first large canyon below Gunnison begins at a siding called 
Hierro (yay'rro; Denver 294.5 miles), where the top of the granite 
stands at track level. The top of the granite rises downstream, and 
within a short distance below the siding the train passes thi-ongh a 
pretty little winding canyon, whose granite walls range in height 
from 100 to 150 feet. The scenery in this canyon is not grand and 
striking, like that in the Black Canjon, farther down, but many 
beautiful views may be obtained of the clear, sparkling river, the 
fringe of willows and cottonwoods, and the gray canyon walls. The 
canyon ends at Elkhorn (Denver 297 miles) , a resort devoted entirely 
to the followers of Izaak Walton. Below this place the canyon widens 
out, the granite decreases in, height above the stream, and the slopes 

above the granite include horizontal beds of sand- 
loia. stone, so that they are made up of a number of 

Eievatioa 7,450 feot. mesas or terraccs. Hay ranches abound in the 
DettTerSMmU^ broad valley, and opposite the village of lola even 

the terrace formed by the granite about 50 feet 
above the bottom of the valley has been irrigated and yields flourish- 
ing crops. 

A mile and a half below lola another granite canyon begins, and 
in a short distance its walls rise to a height of about IdO feet. From 
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the point of greatest height the walk decrease gradaally and fiiudly 
disappear near the mouth of Elk Creek, a small stream that joins 
Gumueon River from the north. The granite, however, does not 
completely disuppear but extends down to milepost 306, or 1 mile 
above Cebolla (suy-bo'yah), where it paflsea below water level. 

Cebolla, which is one of the most noted resorts on the river ixa 
fi^ermen, is in a wide part of the valley on the north side of tiie 

river, at a mesa known as Tenderfoot Hill. The top 
of this mesa is 1,200 feet aboye the track at 
Dlin^iaoT m«e«'!**' <^ebolla. The granite does not remain below river 

level any great distance, for within a mile of CelwUa 
it forms the walls of a narrow canyon, which, however, ure not 
more than 100 feet hi<rh. The smoothness and re<nilarity of the 
upper surface of the gr:iiute and the way in which it rises and 
falls with reference to nvir kvel make it comparatively easy fm 
the traveler to understand how the Black Canyon has been cut. It 
is evident that at the time the river established its course the granite 
in neither of the small canyons so far described nor in Black Can- 
yon was exposed, for the river was then flowing on the softer sedi- 
mentary rocks that overlay the granite. As the river cut dee])^T 
into its bed it uncovered the ^^ranite, but it could not shift its course 
and thereby avoid the hard rock, so it had to keep at work hiboi iouslv 
euttiiif^ its way into the granite. Although the granite canyons 
about Cebolla are now shallow, they will become deeper and deeper 
in course of time until the entire route from (lunnison to Cimarron 
may be one granite canyon as deep and as impressive as the " Black 
Canyon." It may be well to say that this great canyon will not be 
seen by the coming generation nor the generation after the m xt. 
nor oven the one following that: \mt the L^eologist knows that unless 
conditions change ^wh a canyon v, ill be formed, although the time 
may be thousands or millions of years iience. 

Below Cebolla the canyon is mucli the same as it is above that 
place, except that the slopes above the granite become greater and 
in places are composed of vast masses of volcanic breccia that 
weatlier into fantastic forms. Where the granite is above the level 
of the river the canyon is more or less rugged, but where it is below 
the surface the valley is wide and the slopes are smooth and gentle. 

Near milepost 313 tlie granite passes below the level of the river 
and remains concealed as far as the village of Sapinero (sali-pe- 

nay'ro), which is a noted fishing resort and the 
Sapinero. junction of the branch railroad that nms south- 

Eievation 7.2S5^fe<t. ^ard 36 mllcs to Lake City. From the station at 
DeoTer 814 miles. Sapinero the traveler, by lookinpr back, may obtain 

an excellent view of a great cliff of volcanic breccia 
\see PI. LXX, J.), and by looking forward he may see the granite 
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rising athwart Lhe pathway of the stream; but even this hard rock 
has not proved to be an insnperable barrier to the stream, which lias 
trenched it in Black Canyon seemingly as easily as if it had be^ soft 

sliale. 

Tlie Lake City branch foUows the main line for a mile and then 
turns to the southeast (left) up Lake Fork. It was nearly to this 
|)f)iiit that Capt. Gunnison followed the river in 1853, but finding 
that the canyon below was apparently impassable, he turned to the 
south, then struck westward across the mesas to the Uncompahgre 
Valley, at the site of Montrose. The automobile roads also avoid the 
canyon. The main road divides at <Sapinero, one branch following 
the route of Capt. Gunnison and rejoining the railroad at Cimarron 
(sim-ah-rrohn'), and the other climbing west of Sapinero to a 
bench on the slope about 500 feet above the station and then follow- 
ing this bench on the brink of the canyon for an air-line distance of 
over 6 miles. Next it climbs to the top of the Black Mesa and avoids 
the lower canyon by a long detour to the north. This road affords 
one of the most striking and picturesque drives in the State. At the 
point where it leaves the canyon it is fidly 1,000 feet above the roar- 
ing sti'eam, and, as shown in Plate LXXl, Ay the walls appear to 
be vertical. Gunnison River is still actively engaged in rutting its 
canycm deeper, as shown by the rapid current (see PI. LXXI, 0) and 
the roughness of the water as it rushes down the rocky bed. 

Black Canyon is noted for its awe-inspiring beauty. Of the can- 
yons which the traveler sees on the lines of the Denver St Rio Grande 
Western Bailroad, the Boyal Gorge easily holds first place, but the 
Black Canyon as a scenic feature is a dose second. The form of 
this canyon, like that of tiie Boyal Gk>rge, depends on the character 
of tihie granite or gneiss. Where the rock is massiTe the walls are- 
unbroken and nearly vertical, but where the rock is banded and 
composed of layers of different hardness, as it is in most places, the 
walls may recede gradually and be very jagged and irregular. 
Some irregular walls are shown in Plate LXXII. 

At the mouth of Lake Fork the canyon walls are about 200 feet 
high, but their height increases downstream, until at the siding of 
Curecsnti they are 1,000 feet high. Every curve and angle in this 
distance presents a different aspect, and it is difficult to say which 
view is tiie finest. One of the. most striking scenes is that of a 
pinnacle left standing at the mouth of Blue Creek, a small stream 
that joins the river from the south. This pinnacle has been named 
Cnrecanti Needk. It is nearly 1,000 feet high and is a striking 
object as seen from the railroad siding. (See PI. LXXllL) 

The appearance of Black Canyon, like that of most features of 
the kind, depends largely upon the light and the condition of the 
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atmosphere. When seen in bi-ight sunlight, us it generally is, it 
presents a view tliat is briglit and lively. The rocks of the walls 
are full of color, and the trees and shrubs add to the beauty of the 
scene. But in dark and stormy weather the canyon becomes for- 
bidding; it loses its color and becomes terrible to look upon. It is 
at its best in the evening, when the purple shadows that begin to 
play behind each projecting buttrej?s present a strong contrast to 
the yellow sunlight on the westward- facing walls. Later the high 
points alone are bathed in yellow light, and the canyon slumbers in 
a mantle of blue light, steely above but denser in the seemingly 
unfatl oniiible lower reaches. 

Below Curecanti the canyon is even more wonderful. Tn ^reneral 
the walls are not so nearly vertical, but they increas<' rapidly in 
height until at a point 2 miles above the mouth of Cimarron Creek 
they are fully 2,r)()0 feet high. The river, which is beautifully clear, 
becomes rougher as it desce?i<ls. sm sliown in Plate LXXI, (7, until 
it presents an almost ( (intirnKMis s</rios of cascades. 

A short distance al>ove tiie mouth of Cimarron Creek the railroad 
crosses the river on a high bridge and there turns and runs up Cimar- 
ron Canyon, to the south, for this is hs far as a railroad can be 
carried in Black Canyon without gomg entirely thrrMifrh the worst 
part of the can von, and such a course would entail an expense thai 
no ordinary railroad could meet" 

If the traveler were not satiated with canyons he would doubtless 
think that ( imarrou Canyon is wonderful, but ;tit( r traveling f or U 
miles in the rocky depths of Blank Canyon he longs for the free air 
and for the larger view which the hilltops alone can give, and the 



* Although Black Canyon below the 
mouth of Cimarron Canyon Is com- 
paratively small, in both depth and 
length, it Is one of the most tlifflcult to 
tm verse, and very few travelers have 
8uccee<le<l in passing through it 

The Black Canyon was first explored 
by a party of engineers of Ihe Denv^ 
it Bio Grande Railroad, who In 
18^-83 made an instrumental surspy 
of the piifire canyon, even pMssintr 
through tlie more diffionlt portion bc- 
low Ciiuarron. No records of this trip, 
80 fbr as the writer is aware, have 
ever l>een pablldied; all we know 
alMMit it that the members of the 
party sufTcred rrent hardship and 
peril. Since that time otliers have 
attempted to traverse the canyon he- 



low Cimarron, but most of them bflve 
snlfered shipwreck and disaster. 

About 1903 A. L. Fellows, an engi- 
neer of the Reclamation Service, ao*l 
W. W. Terrence, of Montrose, made 
the attempt. They were equipped with 
a rubber raft, mbber bags for camerai, 
and two silk life lines 600 fieet Hme- 
They lost their provisions bat SQi^ 
ceodod in capturing a mountain sh<*P. 
i:i)iiTi w]iich they lived during: the reiii 
oi th«4r trip. Tt took them 10 days to 
travor^e 80 iiiil^s of the canyon. 

More recently Ellsworth Kolb ^ 
made a seeeessfoi trip through ^''^ 
canyon, so that it seems probslrfe that 
the Gunnison has been taraed or that 
man has learned how to clrcuniveot 
even this raging torrent 
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CUllECANTI NEEDLE, 



The mOHt BtrikiiiK objocl in Black Canyon is Curecanli Needle, a pyramid of Kranile 800 or 900 feet 
hiKh, HlaiulitiK at thu luouth of Blue Creek. Photograph furuiiilied by the Denver & Rio Grande 
Western Ruilruad. 
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A. 




C. 

(iUNNISON TUNNKL OF TIIK UNITED STATES RECLAMATION SERVICE. 



The drivinK of a tunnel 6 milm throuKh the solid rock so as to hrinK some of the mountain 
water of (iunnison itivcr to irriKntc the lIncom|>ah{;re Vulley is one of the great works 
accomplished liy the Heclumation Serviin:. A, Piveniiuii dam and intake in Black 
Canyon: B, Interior of tunnel; C, NVcst purtul of ttie tuuucl. Photographs by the 
U. S. Hcolunialiou Service. 
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CSauuvon* 

Klerfttloii 6,905 teet 

Population 57.* 
Denver 329 miles. 



a|^t cf the station of Cimarron nestling beneath the spreading 

branches of giant cotton woods is tlierefore most 
welcome. P^rom the station it is impossible to de- 
termine why the canyon has come to an end and 
wliy one can look out through the trees into open 
country beyond. This change, like many othei-s, is 
due to the geology, and it can be better understood by the traveler 
when he is at least part way up the long grade to Cerro Summit. At 
Cimarron the automobile road on the south side of the river joins the 
railroad, and together they climb to the summit on their way to Un- 
compahgre Valley. 

Immediately after leaving Cimarron the traveler w^ill see that, so 
far as the surface features are concerned, he is in an entirely ditfer- 
ent world. He has just passed through a region of the hardest rocks, 
where he could see little if any soil, but here he can see no rock, at 



'3 




FlODftB 46. — Section across Black Canyon at Cimarron. The rocki tiave broken along tlie 
fililt sboWB 111 tbe seetton, and tiio gnuitte on the north hss be«i forced up ter above 
Ha oflgtwal iioattton. 

least nothing that resembles the rocks of the canyon, though on closer 
examination he will see that the rock is the softest kind of shale — the 
Mancos shale. He ninv also notice that the contact between tlie rocks 
of the canyon and those of the plain is extremely abrupt, and if he 
could follow that contact he would find that the same beds are not 
in contact at all places. This variability in contact indicates that 
the rocks of the plain and those of the canyon are separated by a 
fault. In other Mords, the hard roeks of the canyon have ])een 
broken away from their fellows down below and lifted until they 
now stand actually higher than the shale, as shown in figure 4(). This 
fault has been traced for a long distance, and in all plnces the edges 
of the sedimentary rocks are in contact with the granite. (See PI. 
LXXXVII, .1,7?, p. 21G.) 

After leaving Cimarron the train begins its steep climb to the 
divide which sejja rates the drainage of Cimarron Creek from that 
of Uncompahgre Kivti'. Tliis grade, which is one of the stee|)est 
grades on the road, is 4 per cent, or 211 feet to the mile. In making 
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this climb the traveler will notice that tlie hard rocks through which 
the (tiinnison has cut its canyon form a larsre, high mesa on the 
north (ri«(ht), oonsitlerably higher than ihu summit over which the 
railroad passes. The shale was once probably at least as high as 
the granite, hut it is so much softer that it has been worn away 
until it now lies flistinctly below tiie hard roi Ics. It would thus seem 
that Guijiiison iiiver has ^one out of its way to cut its canyon 
thro!i*rh tlie hij^diest land and the hardest rocivs in the region. This 
statement, howe\M'r. rrinrscnts merely the conditions as they appear 
to-day. hut when (iunnison River first assmned this course it mu<t 
have been flowing on the lowest land or it could not have reiTiained 
there. At that time all this country probably stood at a nm* li k>wer 
level and was nearly a plain, the hard rocks having been worn down 
as low as the soft rocks. Tender such conditions the river found it 
as easy to flow over tiie granite as over the sbftley and so its course 
was not in any sense abnormal. j 

In makinL'' t!ie climb to Cerro Summit the traveler will see on the 
south (left) the great mass of Tongue Mesa, which owes its preser- 
vation to a protecting cap of hard rock that was originally lava 
which came down from some of the numerous volcanoes in the San 
Juan Mountains, to the south, which are visible from the open 

vaUey near Montrose. The traveler is now ap- 
Cerro Summit. proaching otte of the most arid parts of Colorado, 

where water is the most valuable natural re- 
source. In order to irrigate a part of the great 
Uncompahgre Valley, which lies ahead, a long ditch has been dug 
to take water from far up on Cimarron Creek, carry it across Cerro 
Summit at a higher point than the railroad, and distribute it on 
the slopes to the west Where this ditch crosses the summit it forks, 
and the right-hand branch, known as the Montrose and Cimarron 
ditch, passes under the railroad at the summit and is carried a long 
distance to the northwest to irrigate the broad terrace which the 
traveler will see later. 

From Cerro Summit and the slopes beyond an extended view to 
the west may be obtained across the broad Uncompahgre Valley to 
the great Uncompahgre Plateau beyond. The ride down the slope 
is not particularly interesting, except as the traveler unfamiliar with 
the semiarid regions may see what it means to get water onto the 
land. The effect of irrigation is well illustrated by the verdant ter- 
race which the traveler may see on the right at an altitude of at least 
1,000 feet above the middle of the valley at Montrose. Where water 
is not available the surface is a desert, but where the land is supplied 
witli all the water it needs, it will support a luxuriant vegetation." 

For a long time private enterprise was engaged in irrigating small 
parts of the Uncompahgre VaUey from such streams as Cimarron 
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Creek and Uncompahgre Kiver, but these were found to be entirdy 
inadequate for the irrigation of the entire valley. It was then de- 
cided to tunnel through Vernal Mesa (the granite mesa on the right) 
and bring the waters of Gunnison Biver to the region. The attempt 
was made<^ bnt finids could not be obtained to complete the projects. 

The Reclamation Service then took up the problem 
Cedar Creek. ^ tunnel was started a mile below Cedar Creek 

SSlw wi idtol!**' continued to the river in the almost inaccessible 

depths of Black Canyon, a distance of 6 miles. 
Work was begun in 1905, and the tunnel was formally opened by 
President Taft in 1909. Views of the two portals and the interior 
of the tunnel are diown in Plate LXXIV. By this tunnel sufficient 
water to irrigate 150^000 acres was obtained.^ 

From the west end of Gunnison tunnel the water is carried to 
Uncompahgre Biver by a canal 11 miles long. It is turned into the 



•^The settlement of tho Uncompah- 
gre Valley, whirh has had many ups 
and downs, began in 1882 and for a 
wbile progressed nptdly. Optidnistic 
views on tiie saSMenef of the supply 
of water from Uncompahgre River 
prevailed, nnd by 3884 ditches for irri- 
gating a large ncrPHtre had been pro- 
jected and imrtly constructed. It soon 
proved that the water siii'i)iy was in- 
adequate, and WfiCO aeies out of fhe 
100^000 acres that bad been patented 
passed Into the hands of loan com- 
panies through foreclopTire proceed- 
ings. About oO.OOO acre.H was culti- 
vated, but the water supply was inade- 
quate fSor even fliis snail area. In a 
seardi for an additional supply natu- 
rally Qunnison River was considered, 
but in order to obtain water from that 
river a long and expensive tunnel was 
necessary, yet this seenie<l to be the 
only possible chance for relief. The 
feasibility of the project was demon- 
atrated in 1806 by a survey flnaiiced 
by local subscription. In 1901 the 
Stiito npT»ropriatcd $25,000 and work 
was !»e^un on the great tunnel. A 
year later, when the appropriation 
had been exhausted, the State and clti> 
sens requested that the Reclamation 
Service complete the project. Upon 
examination the Reclamation Service 
found r( better site for tlie ttmnel, and 
on June 7, 1904, the Secretary of the 



Interior ordered the construction to 
begin. 

The Gonniscm tunnel, as iiiially 
butlt, is 80,645 feet long (about 5^ 
miles) and bas a uniform grade of 
10.7 feet to the mile. The bottom is 

flat and is 10 feet wide, the straight 
sides are 10 feet hij;h and l)atter out- 
ward 6 inches, and the roof is arciied 
with a span of 11 feet and a rise of 
2| ftet The flow of water tbat can 
be delivered tbrom^ tbe ttnmel ia 
estimated at 1,800 second^feet. 

Excavation was begun on January 
11, 1905, and was carried on at both 
ei)d8 and from a shaft 1 mile from 
the west portal. The tunnel ccnnplete, 
with Goncfete lining, was ilnisbed and 
water for irrigation was flowing 
through it on July 6, 1010. 

It is interesting to note that this 
tuiiiit^ passes through the fault shown 
in figure 46 (p. 175), at the contact of 
tbe sbale which constitutes tbe coun- 
try rock tn tbe western part and tbe 
granite in which the river canyon is 
cut. It is describ ^l In the report of 
the Reclamation Service an follows : 

" [The tunnel was driven] 2,000 
feet through a fault sone badly xAiat* 
tered and tilted at widely divergent 
angles In a very irregular manner. 
Hifih tenipemtnre, hot and cold water, 
coal, marble, hard and soft sandstone, 
limestone, and carbonic-acid gas in 
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channel of the Lincompah«^re at a point 0 miles above Montrose and 
is diverted lower down for projects on both the east and the west 
side of the valley. • 

At the end of 1920 water from the Gunnison tunnel was used in 
irrigating 05,000 acres of land which, before the conipielion of the 
tunnel, was a barren desert waste. The principal crops are alfalfa, 
oats, wheat, potatoes, apples, and sujz^ar beets, listed in decreasing 
order of the acreajje cultivated. Small fruits, onions, sugar beets, 
apples, garden i^rorlncts, and potatoes, in the order named, gave the 
larfi^est returns per acre. 

After passin^:^ the Gunnison tunnel, which, unfortnnately, is not 
visible, the train de^rends the slopiufj side of the broad valley in a 
barren ravine, but at a siding called Fairview, half a mile beyond 
niilepost 346, irrigated farms are spread out on both sides of the 
railroad. The crops that are growing here will, of course, depend 
upon the time of year in which the journey is made. If tlie trav- 
eler passes this place in midsummer he will see fine fields of oats and 
wheat, some corn, and plenty of potatoes, sugar beets, onions, and 
alfalfa. He will also see a few orchards, but this particular area is 
not largely devoted to fruit raising. The valley has been trans- 
formed, as shown in Plate LXXV, A, from a wilderness to a 
region of prosperous farms, and the secret of the change is only 
water. 

In the journey down the long tangent to the middle of the valley 
the most striking features of the landscape are the rugged peaks of 
the San Juan Mountains, which are visible to the south (left) . These 
mountains are the most rugged in the State. Most of the peaks are 
over 13,000 feet high, and many of them rise above 14,000 feet. The 
highest point in the range is Uncompahgre l*eak, which has an alti- 
tude of 14,419 feet The sawtooth top of this range is well shown 
in the profile visible from the train. 

After passing through miles of the finest farms in the West the 
train reaches Ouray Junction, which is the point where this line 

joins the one from Ouray, Telluride, and Durango. 
Montrose. Here the railroad turns at a right angle and pro- 

Eicvntion 5.811 feet, e^eds a mile northward to the station in the crowimr 

PopulaUon 3,581. * i_ rpi. .j. • j. x •» x 

DoLTer 8SS mues. youiig dty OX Montrose. Ihis eity is the distribut- 
ing center and shipping point for a large district 
that is under high cultivation. CS^reals, fruits, and vegetables, to- 



overvvhelming quantities were encoun- 
tered in this section, and tunnel exca- 
vation was both difficult and dan- 
gerous.** 



This description sliows how rocks 
may be broken and junibleti together 
in a fault zone where they have moved 
hundreds or perhaps thousands of feet 
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A. UNCOMPAIK'.RE VAI.LEY IN ITS NATURAL STATK. 

The land in the UncompnhKrr' aiul Colorado Hivnr v»lli<ys before wat«r is ttirntHl upon it is a barren 
ex[>an.se of adobe soil on whirh there is only n Kc^inly growth of i>lunls. It i:) inhabited only by 
jackrubbitJ4, coyoL<», and other animals having Krc4il endurance and ability lo truvel a long 
distance for water. IMiotof(rii|ih by the U. S. KiH-lnmation Service. 




B. THE SAME VALLEY IRRI(;.\TED. 

The IransforniinK effet^ts of the rJunnison water ore seen ii» the fine furms and happy homes of the 
LIiH-om|mhKre Valley, where once there was notiiing Krowiiig bul sagebrush and t(r*^nscwuud. 
Photograph by the U. S. Hedumatioa Service. 
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A. CANYON HKTWKKN DKLTA AND C.RAND JUNCTION. 

General view looking iipstrcnm. The rociia dip to Uie loft, away from the Unconapahgre 
Plateau or arch. The Hhuly rocks in the top of the canyon walls arc of maroon color, 
and the massive sandstone at the base is brick-red. iMiotoj^ruph by Willis T. I/ee. 




B. BRILLIANTLY COLOKKD SPUR OF TIIK CANYON WALL. 

One of the projecting spun) of the canyon wall near Rridgcimrt consisting of alternating 
bands of muroon and green with here and thf>rn bandn of yellow sandstone. The volley 
lK>ttom suimorts a fairly good growth of (uige Init when wulor is put on it grows almost 
any kind of crop. IMiotograph by Willis T. 1^. 




a CROSS-BEDDED SANDSTONE. 

The sandstone was once a sand bank in waUtr; the currents roming from the right 
washed layer after layer of the sand over the cri^t of the bank and down on its sloping 
front, making the cross-bedded layers. Photograph by J. K. Hillers. 
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gether with forage plants, grow here in abundance. Two miles 
south of Montrose was the home of Chief Ouray, for whom the p«ak 
north of Marshall Pass and the mining town in the San Juan Moun- 
tains were named. The main line and the branches of the railroad 
north of Montrose were changed to standard gage in the summer of 
1906. 

STANDARD-GAGE LINE JFROM MONTitOSE TO GRAND 

JUNCTION. 

From Montrose to Delta the railroad follows the T&lley of Un- 
compahgre Kiver in a general course a little west of norUi. The 
country north of Montrose is more broken than that to tiie south, so 
that a general view of the valley can not be obtained tem the rail- 
road. Throughout most of the distance from Montrose to Delta the 
land near the river is well cultivated, but not far back from the 
river there is generally a line of bluffs on both sides of it, which range 
in height from 50 to 150 feet. These bluffs are but the fronts of 
extensive terraces, many of which are well cultivated, but the trav- 
eler can see only the barren shale underlying them. 

For a short distance out of Montrose there is nothing to interfere 
with the view to the east, and the great Vernal Mesa, through which 
Gunnison Biver has cut its famous canyon, stands out in bold reUef . 
For some distance the fault noted near Cimarron is stUl present, but 
apparently about halfway along the mesa the red sandstone beds of 
the Carboniferous and Triassic systems may be seen from the train 
as they lap onto the mesa, in gentle curves. The mesa here is an arch— 
an antidine, as it is called by geologists— 4>ut the middle of the arch 
has been planed off by erosion, leaving the granite still at the sur- 
face. North of this point there is no fault on the west side of the 



Along the railroad there is a high-tension electric transmission line, 
which brings electric power from Telluride, in the San Juan Moun- 
tains, for lighting Montrose, Delta, and other towns 
Olathe. along the road. Olathe (o-lay'the), a place of 

Elevation 5, !(?.' feet, recent growth, by utilizing the water supplied by 
D«river^2mues. the Gtmnisou tuuncl is becoming a horticultural 

center. In passing along the railroad the traveler 
will note that the farmers of the valley are troubled in places with 
strong alkali, which makes the surface as white as if it had been cov- 
ered by snow. This alkali, which is brought to the surface by flood- 
ing, due to overirrigation, makes farming difficult, but it can largely 
be removed by subsurface drainage. 

One of the most promising parts of the valley for agriculture is the 
terrace called California Mesa, which the traveler may see on the west 
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(kft) as he apptx>acheiB Delta. This mesa is served with water by 
canals whicli divert it from Uncompahgre BiTer at a place far up the 

Talley. Delta is the county seat of Delta County 
l)«lts. ^j^^ so named because it stands on the delta 

^'^^uiatioQ ^6^3**' formed where Uncompahgre River enters Gunnison 
Denver 878 muea. River. The south slope of Grand Mesa, the table- 
land to the north, is one of the most noted fruit- 
growing regions of western Colorado. The orchards on this south- 
ward-facing slope are protected from frost in much the same maimer 
as those at Palisade, so that fine orope of apples, peaches, and other 
fruit aro produced here almost every year. The towns of Hotchkiss, 
Paonia, Cedaredge, and Austin are particularly noted for their excel- 
lent fruit, which is carried to Delta on a standard-gage branch road 
and thence shipped to other markets. Considerable coal is mined at 
Somerset, the terminus of this branch, and finds a ready market in 
the Uncompahgre Valley* 

From Cimarron to Delta the railroad runs entirely on the Mancos 
^ale, to which are due the breadth of the valley and the smoothness 
of its sides. At Delta the shale lies in a great structural trough— a 
syndine, as it is called by geologists — whose eastern edge rests on tk 
flank of Vernal Mesa and whose western edge rests on the Un- 
compahgre Plateau. Below Delta the railroad changes its oouise 
from west of north to almost due west, and it therefore soon reaches 
the edge of tiiis shale valley and enters a canyon cut In the underlying 
sandstone. 

A short distance from the station at Delta the railroad crosses Un- 
compahgre River and then runs along the bank of Gunnison River, 
which the traveler has not seen since he left Black Canyon. Here > 
the Grand Mesa is in full view to the north (right). All the lower ' 
slopes of this mesa are composed of the Mancos shale, which is so 
soft that it generally forms valleys wherever it is exposed, but the 
shale in the mesa is protected by overlying sandstone that is capped j 
by a thick sheet of solidified lava (basalt). When this lava wa? I 
poured out the present lowlands had not been cut. and the whole I 
surface stood at the same level as that of the top of Grand Mesa. | 
The volcano or volcanic vent from which this jrreat flow wap ejected 
has not Ix^en definitely located, but it may have been at a considerable 
distance, for this sheet is probal)]y a part of the prent Invn flow that 
covered much of this rreneral refjion, a flow whose remnants can still 
l)p Hi'on on Grand Mesa ;md Battlement Mesa, to the north, on the 
Flattops, north of Glenwood Sprinos. and on other hi^h mesas. If 
these remnants are not a [)art of a sin<rle flow they are probaVdy parts 
of ind('])en(le!it flows that occurred at about the same time. As the 
West £lk Mountains^ east of Somerset, were a center of great volcanic 
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activity at about this time the lava may have originated there. The 
striking thing about these lava flows is the enormous amount of ero- 
sion that has taken place since they occurred. The date of the flow 
can be fixed only as some time in the Tertiary period, but it was long 
enough ago to permit the remoTal from the yaileys of rocks at least 
a mile in thickness. 

The sandstone and interbedded shale immediately below the lava 
cap in Grand Mesa contain beds of coal and were formerly called the 
Laramie formation, which belongs at tihe top of the Upper Cretaceous 
series (see table, p. n), but now they are known to be older and to 
correspond with the heavy sandstones that form the Mesa Verde, in the 
southwestern part of the State, and hence they are called the Mesa* 
▼erde formation. The same formation carries the coal at Anthracite 
and Crested Butte, northwest of Gunnison. At that place the coal 
beds contain coal of high rank, but in the Grand Mesa, which is far- 
ther from -volcanic disturbances, the coal is of much lower rank, most 
of it being subbituminous, or what was formerly called black lig- 
nite..*' A large mine is operated at Somerset, but in that part of the 
mesa which is visible from the river bank west of Delta coal is mined 
only for local use* 

On the left, but not visible in many places, is the broad upward 
swell (anticline) known as the Uncompahgre Plateau, which is com- 
posed of sandstones that tmderlie the shale seen about Montrose and 
Delta. These sandstones will be seen in the canyon between Delta 
and Grand Junction. Around the margin of the plateau the massive 
I'ed sandstones are deeply cut by the streams which flow from this 
upland in rugged canyons that have nearly vertical walls. These 
canyons are visible from the trains of the Denver & Rio Grande 
Western Railroad from Delta to the Utah State line. The interior 
of the plateau is unbroken and con^s of a gently undulating up- 
land without marked surface features;^ 

Just after passing Roubideau siding, near milepost 378, the sand> 
stone that underlies the shale makes its appearance. This sandstone, 
■which contains thin beds of coal, has been called the Dakota sand- 
stone, but the best authorities now place it in the bottom of the 
Mancos shale, and hence the Dakota may not be iULsont. The rocks 
rise rather steeply in the direction in which the train is moving, and 
soon variegated shale and liiaroon sandstone may be s^n. These 
rocks are in part the same as those which the traveler may have seen 
at many places along the Front Kange and which contain the huge 
dinosaurs described on page 70. A skeleton oi one of these dinosaurs 
was once found across the river from Grand Junction in rocks of the 
same kind. 

80607"— 22 ^13 
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At milepost 879 the riilroad crosses the riyer, and from this p] 
to Grand Junction the best views of tiie canyon may be obtained 
the left. In the upper end of the canyon the walls are composed 
variegated shale and sandstone of the Gunnison formation,"* 
shown in Plate LXXVI, B, 

At first the only part of the Gunnison f ormalion that is seen is 
upper shale, which gives to the canyon walls bands of rather stro: 

color, but after watching these col 
for several miles one would welcoi 
nny change from the ever-pi 
maroon and green. Althou^ 
canyon is fairly narrow and there 
not much land in it that can be 
gated, several attempts at 
on a small scale hav^ been mi 
The method used employs no dams 
ditches but only a current wb 
which is placed in the stream in m 
a position that the current turns it,! 
and as it is pro^Hded with buckel 
•A small quantity of water is at eai 
revolution lifted from the river t( 
the top of tile wheel, where it is automatically dumped into a trough, 
that carries it to the land to be irrigated. Although this is a prirai-^ 
tive arrangement it is excellently adapted to the irrigation of smaB| 
tracts of land. A number of these wheels may be seen in the canyon.^ 
In general the canyon grows deeper downstream, and at Escalante- 
siding, milepost 385 (see slieet 7, p. 198), the second member of the 
Gunnison formation — hard sandstone — appears near the railro 




FlOUU 47.— Rocks forming tlM eanyOB 
wall near Bridgeport 



siU 



"Tbe Qimnlaoii formation here la 
oompoeed of tiiree i»rta» as shown in 
figure 47. The tipper part, which prob- 
ably correspond.s to the Morrison for- 
mation of the east side of tlie range, is 
visible where the walls are low. It is 
aboat 260 feet thick and to made tip 
of variegated shale and eoft sand- 
stone. The colors are mostly maroon 
and green, find in mnny phices tlie 
bands of color are very distinct. This 
part is comparatively soft and conse- 
qaemtly forms slopes tliat lead down 
tram the more resistant sandstone 
diffs above. The middle part of the 
fbrmation to about 100 feet thick and 



4 

10*1 



Is oomposed torgelj of sandstone tU* 

is resistant to erosion end tbsstt* 
fore stands oat as buttresses on tbe^ 
canyon wall with steep or precipitous 
faces. Although not brightly colored, 
it has many of the same tints as the 
overlying shale. The lowest pai at ; 
the formation Is aboat liSO feet tbldt 
and is mode up almost wUrely of 
shale, which in the upper part is of a 
dull slate color but near the hortoni 
has many bands of strong maroon. 
It to genersliy soft and forms slopes, 
but the slopes are steeper than those 
formed on the uppermost part of tbe 
formation. 
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grade. Within a sliort distance it rises above the grade, and beiow it 
may be seen a dark shale. This shale also rises downstream, nnd at 
milepost '^bb the top of a brick-red massive sandstone (Triassic) 
appears beneath it on the opposite side of the valley. Wherever it is 
exposed this sandstone, on acroiint of its deep and tmiform color and 
its massivenes?. is tbo dominating feature of the canyon. As the 
rocks dip toward the northeast (see PI. LXX\T, A) and as the 
general course of the stream and of the railroad is toward the north- 
west, the rocks exposed on the two sides of the canyon are not neces- 
sarily the same. Even if the stream followed a straight course the 
beds at tlie same level on its opposite sides in the same stretch would 
be different, but the difference is greatly exaggerated because the 
stream swings from side to side in great meanders. At many places 
a point on the outermost part of a bend to the left is more than a 
mile from the outermost part of the next bend to the right The 
farther the stream swings to the left the lower or older are the rocks 
in the canyon walls, and the farther it swings in the opposite direc- 
tion the higher or younger are the rocks in the walls. 

Wherever the brick-red sandstone rises 100 feet or more above the 
water there is an inner box canyon with vertical walls, but where 
this sandstone i s l elow the water the canyon walls recede by slopes 
and terraces. This compound character of the canyon is shown in 
Plate LXXVl, A. At milepost 400, 2 miles beyond Bridgeport sid-. 
ing, the railroad enters a tunnel that is excavated entirely in the mas- 
sive brick-red sandstone, which is ideal material in which to drive 
a tunnelf for the roof needs no> timber to support it, and the portals 
are equally durable. This tunnel is feet long^-nearly half 
a mile. 

In places the walls of the canyon are about 500 feet high, but they 
lack both the mggedness and the regolarity that characterize the 
other great canyons on this route. Finally they begin to decrease in 
hsA^tj until, half a mile beyond milepost 410, the traveler begins to 
see open country, and soon he finds himself back in the same shale 
valley that he left a few miles below Delta. A mile farther along 

the train reaches the station in the small village 
Wittewater. Whitewater. Here Grand Miesa looms up on 

Elevation 4.605 feet. Hie right ss the most conspicuous feature in the 
DM^^i2^^iL. landscape. On leaving Whitewater the railroad 

again enters the canyon, which, however, is no- 
where so deep nor so interesting as it is farther up. Its walls are 
composed entirely of rocks of ti^e Gunniscm formation, or of rocks 
lying above it, and at no place does the bricfc-red sandstone again 
Joakd its appearance. The river meanders broadly, swinging first 
to one side and then to the other in sharp curves which make Uie 
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mileage of the railn»d mncli more than H would be if the ooorse 
were faii'ly straight. 

As meanders like those in whidi the Gtmnison flows in this canyon 
could not have been begun while the river was cutting the canyon 

thay must have been there before the canyon was cut, and as geolo- 
gists are agreed that such meanders can be formed only by a slug- 
gish stream, the Gunnison of the time when these meanders were 
young was not so rapid as it is to-day ; it was a lazy river that flowed 
slowly and wound about in the broad valley in which it was flowing. 
The meanders were therefore formed when this part of the country 
was essentially a shale plain, above which only here and there moun- 
tains lifted their heads. As already stated, such a plain is supposed 
to have been in existence when the lava that now caps Grand Mesa 
was poured out, so that the meanders which the traveler sees to-day 
in the river were probably formed when it was flowing at a level 
a mile higher tlKUi it is now, before any of the sandstones that now 
form the walls of its canyons were exposed. According to this in- 
terpretation the meanders are very u^d and are simply inherited from 
the former channel of the river. 

Near milepost 420 the Gunnison formation disappears below the 
river, and from this point down to the juncLiun of (lunniison River 
with Colorado River it appears only in places, and the canyon is cut 
niamiy in the sandstone, shale, and coal beds of the lower Mancos. 
The height of the walls also declines, and finally, after skirtinpr the 
bluff on the ri«rht for a considerable distance, the train passes through 
a small cut and crosses the bridge spanning CJolorado River and is 
soon at the station in (irand Junction. 

Grand Junction is one of the largest toA\ us of western Colorado. 
It stands at the junction of the main line of the Denver & Rio 

Grande Western Railroad and the line over Mar- 
shall Pass, on the Hat plain at the junction of ( iim 
Elevation 4,583 feet. i /-< i j • i ■ \i x ^\ 

r.,piijatioti 8.665. nisou and Colorado rivers, and is theretore on the 
Denrer 4'j4 miles (via natural route of railroad travel. Colorado River 

especially carries a large volume of water, and as its 
fall above (^rand Junction is consideral)le it affonls an excellent 
supply of water for irrigation. Water has been taken from the river 
for this purpose by many private companies, but generally it has been 
taken out only a short distance above the land to be irrigated, and 
consequently it has neither sufficient head nor volume to irrigate all 
the land adjacent to the town. Recently the United States Reclama- 
tion Service has dammed Colorado River 20 miles above Grand Junc- 
tion and is carrying the water in the High Line canal (see p. 152) to 
the terrace or bench land back from the river and near the foot of 
the Book 01i& 



Digrtized by Google 



DBXrVBR A BIO QBAKDE WBSXBRN BOUTB. 



185 



Grand Junction is the center of a great fruit-growingf country 
that extends up Colorado River nearly to De Beque, up the Gunnison 
a short distance, and down Colorado Eiver to Fruita and Loma. 
Apples, pears, and peaches are the principal fruits raised. Views 
of the orchards and the method of irrigating them are shown in 
Plate LXXVII, B, Besides fruits the yalley produces vegetables, 
principally sngar beets and potatoes. Sugar beets find a ready 
market at the sugar faotoxy at this place, and many beets are shipped 
here from other parts of the two Ttdleys. 

The town has broad, well-paved streets, good busineas houses, and 
a very Attractive residence section, whose streets are well shaded by 
trees that afford relief from the rays of the son. These trees, io- 
gether with the orchards, make this part of the valley look like an 
oasis in a desert A description of the scenery along the main line 
east of this place ends on page 158. 

MAIN mNE OF RAILROAD FROM GRAND JUNCTION 

TO SALT IaA^ city. 

A short distance west of the station at Grand Junction the 
traveler's view of the valley is fairly unobstructed, and he obtains 



i 




FiauRE 48. — Sketch section across the vallejr at Fniita» Colo. 

an attractive setting for the picture of the town* The existence of 
this valley is due to geologic causes which can be easily understood 
by a traveler who desires to know something of the character of the 
rocks and of their attitude, or, as the geologist woiUd say, the geologic 
structure. The lowest and therefore the oldest rooks lie m the great 
Uncompahgre Plateau or arch, which lies south of Grand Junction; 
the youngest rocks lie in the ba«n to the north and are generally 
known as the Green Biver formation. The dip of the rooks as they 
would appear in the sides of a great ditch, if one were cut from the 
top of the Uncompahgre Plateau to the middle of the Uinta Basin 
to the north, is diown in figures 87 (p. 148) and 48. 

The Mancos shale is much softer than the rodcs eithmr above it 
(to. tibe north) or below it (to the south), and it therefore tends to 
weather away much faster and tom a valley* As the formation 
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dips only slightly toward the nortli, and as it has a thickness of 
about 3,000 feet, the valley which it occupies and which has been 
formed by its erosion is of considerable width. To the north the 
rocks ulxjve the Mancos shale cap the Book Cliffs, whicli were so 
naijieil because i\u.i beds of rock when seen from a distance suggest 
the edge of a book lying on its side. To the soutli the imderlyiii'^ 
variegated sandstone of the Gunnison formation maki - liie slope 
that leads up to the <_nciit red cliffs on the Uncompaligre Plat^^^iu. 
The traveler may see these rocks, as already stated, soon after h ^iv- 
' \ng the station at Grand Junction, and they are generally in sight 
on both sides of the road as far ns Mack. 

The peculiar shape and structure of the Book Cliffs (see PL 
LXVIll, p. 157) gives them a striking resemblance to architectural 
features. In their lower part they are composed of shale, which is 
capped by heavy beds of sandstone that lie almost flat. Nearly 1,000 
feet of shale is exposed, and where it is not })rotected by blocks of 
sandstone that have fallen from the ledges above it has been cut by 
the rain into innumerable branching ravines separated by low ridges. 
Viewed from a distance when the sun is low enough to cast a shadow 
on ond side of these dividing ridges the sculpture is marvelously 
accurate and sharply defined, resembling the venation of a leaf. 
The slope is steep, nearly 45°, and the profile of the slope and the 
cliff above is well shown in Plate LXVIII (p. 157). 

The cliffs on the south are composed of great beds of red sandstone 
or white sandstone stained red by the overlying shale. At first s\ght 
these beds appear to lie so nearly flat that if they were extended 
they would reach entirely across the river valley and would lie far 
above the head of the traveler. When they are studied closely, how- 
ever, they may be seen to bend down sharply as they npproach the 
river, and in reality they pass under the stream instead of far above 
it. The bend in the rocks may be seen by looking back after the 
train has gone a mile or so beyond the statioD. 

In this valley, as in most other irrigated parts of the West, the 
railroad does n«yt traverse the aiea that is most hig^y cultivated, 
and the traveler may fliink that a large part of the valley below 
Grand Junction consists of land so highly impregnated with alkali 
as to be unfit for farming, but here and there he may catch a glimpse 
of tiie terrace or bench lands, which support the finest ranches in 
the valley. Along the railroad he may see some good ranches and 
orehards^ and in strildng contrast tc^tliem he may see in many places 
remnants of the original growth of sagebrush which covmd the 
whole valley before it was irrigated and cultivated. This valley 
is the most arid part of Colorado, for, according to the records of 
the Weajher Bureau, its annual rainfall is <Hily 7.7 inches. The 
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wizard that has transformed the scene here is water. This water 
may first fall in the form of snow on the high peaks of the Rocky 
Mountains, but early in June the warm rays of the sun reach the 
aaowbanks and convert the snow into water, a part of which plunges 
roaring down the steep sides of the mountain to swell the torrents 
in the streams below, and another part finds lodgment in the crevices 
and open pores of the rocks and is kept stored there until the surface 
water has almost disappeared. Then the rocks gradually give up 
their stores, and this mid<;iimmer sapply appears just when it is 
most urgently needed by the growing crops. But how can this 
water be gathered and spread out on the thirsty land; and if so 
spread out, will it be sufficient, or if sufficient in midsummer, will 
it be sufficient in September, when the driest part of the season is 
reached? In the semiarid regions of the West these questions are 
of the utmost importance, and several bureaus of the Government 
have been for years making exhaustive studies of all the streams to 
determine how much water they carry and in constructing engi-> 
neering works by which the water in them may be distributed over 
the land. The work of measuring the quantity of water in the 
streams has been, taken up by the United States- Geological Surrey, 
because water may truly be considered a mineral, and it is the dufy 
of the Geological Survey to take account of all the mineral resources 
of the country. Most people of the West are familiar with this 
work, but those who come from the East are perhaps unaware that 
reports concerning the water supply of many regions or streams 
may be obtained free on n|)plication to the Director of the United 
States Geological Survey, Washington, D. C. The method by which 
the quantity of water flowing in a stream is determined is described 
below by Bobert Follansbee."* 

As the traveler goes westward he sees that the Book Cliffs recede 
farther and farther from the river, and about 10 miles west of Grand 



"•Without a thorough knowledge of 
the uvailable water supply Irriga- 
tion eoterprlfles are not Uk^ to be 
socGeasfuL The work of the United 
States Geological Survey in measuring 
the flow of tho larprer 8tr*>nms Is espe- 
cially needed to insuri* tho prosperity 
of the West and has been developeil to 
meet the need. It was begun in 1888, 
wben a camp of instmctlon was eetab- 
liabed on the Rio Grande in charge of 
F. H. Newell, who later became the 
Dirprtor of the United States Rida- 
niaiinn Service. Here were develoi)ed 
the methods which laid the foundation 
Jtar tbe ureeent wofic cC recording the 



flow of streams. Fruin this small be- 
ginning the worl^ wa» expanded until 
now there are in the United States 
more than 1,900 gaging atationa at 
which the flow of streams IB measured. 

Records of stream flow Rve not only 
necessary in planning successful irri- 
gation and water-power projects but 
are being used by the Bedamatkm 
Service in determining the inflow of 
the big reservoirs it is building, by tbe 
Weather liunviu iti predittinf? flood 
flow in the lower Colorado River at 
Yuma, by the Forest Service in deter- 
mining the available horsepower at un- 
developed power flitea In the natlepal 
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Junction they begin to lose some of their picturesqueness on account of 
their distance from the obeerrer. The red ditf s on the south become 
more prominent and are much more dissected into fantastic fonns 
than they are south of Grand Junction. About 11 miles west of 
Grand Junction the pillars/ towers, buttresses, columns, and domeg 
become so striking that an area including them, opposite Fndta, 
has been set aside by the Federal Government as the Colorado 
National Monument. By this means they will be preserved and 
made accessible to the general public. One of these picturesque 

forms is shown in Plate LXXviil. Fmita, as its 
name implies, is the center of an extensive fruit- 
EteTation 4.610 feet, raisiug district, but the best part of this district is 
DeDvlMei B^et' on the terrace north of the town. Much of this land 

is devoted entirely to the raising of fruit; but, as 
shown in Plate LXXVli, .1, other crops are raised between the 
trees while the orchard is maturing. 

Just west of Fruita the railroad crosses Little Salt Wash and Salt 
Wash, two streams that head at the base of the Book Cliffs, about 



fOSCSts, atid by irrigation and power 
cpmpani*^s nt critical i)eriod8» eq>e- 
<daUy during,' low ^vate^. 

In deteruiiuiug tlie flow of a river 
the height of the water is first meas^ 
wed on a fixed scale called a gage. A 
local observer reads tlie gage height 
morning and evening and records the 
reading. If tht> record at the station is 
likely to be of great value, or if Uie 
station is in a remote place, it is de- 
sirable to use an automatic gage, which 
draws a carre on a chart showing con- 
tlnuouidy the height of the water, in- 
cluding every fluctuation. In May and 
June the warm days and cold night.s 
cause attemate melting and freezing 
at ftte hsadwatm of streams that head 
In Ugh monntaliy, so that tliey rise 
and fall regularly during a 24-hour 
day. The ox^renif dnlly vnrintion mny 
amount to 3 or 2 feet. On a pafre that 
is placed near tlie head of the stream 
the highest stage will be reached dur- 
ing the day and the lowest during tlie 
night, but on o«ie that is placed some 
distance downstream the highest stage 
may be reached during; the nl^t and 
the lowest during the day. 

From the gage height and the con- 
tmv or cross seetlon of the stieain 



bed at the gage, . as determined by 
soundings made at several points in 
a line across the stream, llie area of 
the viosH Kection at the point of 
measurement is computed. The Teloe- 
ity of flow is measured with a cor^- 
rent meter, and firom tlie vdodty and 
the area of cross se<'tIon the quantity 
of water flowing? pust the gaging sta- 
tion can be dt termiued. A.s tlie cur- 
rent strikes against the cups of the 
meter it causes tbena. to rerolve^ and 
the revolutions in a giToi time are 
counted by means of an electrical 
niak«'-Hnd-l>renk contact to determine 
the velocity of the current in feet par 
second. 

In low watttr the meter is heU on a 
rod and the engineer makes his 
measurements by wading: He fhret 

stretches a line across the stream to 
determlno its widtli and then sounds 
every few feet across to determine its 
depth. Lastly he measures with the 
meter the velocity of tlie water at 
each potait of sounding* Then, as hs 
knows the width and depth of the 
stream, he onn easily cnlcnlnte the 
number of cubic feet of water passing 
tills station each second (usuilly 
abbreviated to **8econd«feet") wlieo 
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BULLETIN 707 PLATE LXXVH 




A. TWO CROre ON IHRKIATKD CJROUND. 

In the irrwntcd diHlrict.s land and walw nre made to do double duty by providinR a crop of small 
fruit or voi^tnblcs lM>lw(y>n tho rows of fruit troc». Photograph furnisliod by the Denver & 
Rio (irando Western Railroad. 




B. MKTHOn OF IRRIGATIN(; ORCHARDS. 

Great care and judifment arc required in properly irnKnlinR KrowinR fniit trees. This view shows 
how the water Ls conducted to nil |>arts of the orchard tind cx>nlrolltHl in its iUiw so as to (jet tlie 
best results. Photograph furnished by tho Denver & Rio (>mnde Western Railroad. 



I • 




A COLUMN OF SANDSTONE IN THE COLORADO NATIONAL MONUMENT. 

This nHtiunul munumnnt has been set aside because of the wealth or detail in the carvinK and tlie 
richness uf the colnrinf; of the erosiuu colnmits of dtx^i-red sandstone which have bvconio 
sefMiruUMl from the {Ntrent clifT by weathering. I^iotogruph furaishod by the Denver & 
Rio Grande Western Railroad. 
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20 miles to the north. The term ^ wash " is applied in the West to 
a stream or to the bed of a stream that is generally- intermittent and 
that carries so much material that it clogs its own channel and is 
thus compelled to wander over a wide area. In some places where 
these streams are crossed by the railroad they have cut deep chan- 
nels that have nearly vertical 8ide& Ordinarily very little water 



the stream is at the stage at which 
the measurement is made. 

Laige riven or even small streams 
at their flood stage can not be meas- 
ored by wading, on account not only 
of the d^th but of the swiftness of 
the stream, which may make It almost 
Impossible to stand against the cur- 
reDt, so that it may be necessary to 
work from a bridge or to tpan. the 
stream with a cable from which the 
meter is suspended and held at the 
proper depth in the water hj 



to the current int'ter etiuipinent it 
always happens wlieu the engiueer is 
suspended In mldatream whUe it is 
raining or while a wind is blowing 
what the loyal Westerner mildly terms 
" Just a stiff breeze.** 

Discharge measurements are made 
at different stapee of the water. Per- 
haps half a dozen will cover the range 
between high and low water. These 
measnranents, when plotted on crose- 
section paper, define a curve known as 
the "rating curve" tot the etatioiL 




nonan 49. — Method ot measuring the flow ot a river at a cable station. The view sliows 
the aeetloB of the river and the car, gage, and other apparatus. 



of lead weights. To swing a meter 
weighted with 20 or 30 pounds of lead 
for several hours in measuring a swift 
river from a bridge Is a form of exer- 
eiae that Is a snie enre fbr insomnia. 
If there is bo bridge at the gaging sta- 
tion, the stream must be spanned with 
a cable, and the engineer must work 
from a car swung beneath it, as shown 
in figure 49. In this car he pulls him- 
self along the cable to the points 
where measnrements are to be nttde. 
A eable^mr measurement is an even 
better cwee for insomnia than a bridge 
measurement. In passing, it may be 
noted that if anything wrong happens 



From this curve the discharge for any 
stage of water can ho estimated, and 
tlie eiigine*'r can calculate with suffi- 
dent aeeoracy for most purposes tiie 
dally flow from the gage readings far* 
nished by the local observer. 

If a river carried the same quantity 
of water each your it would he neces- 
sary only to maintain a gaging station 
at a particular place for a year, bnt 
as the flow varies widely f rdm year 
to year it is necessary to maintain the 
stations for several years in order to 
determine tlie flow not or)ly for an 
average year but for the wet and the 
dry years. 
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Loma. 

Elevation 4,525 feet 
Population 708,» 
Denver 406 mllM. 



flows in these washes, hut occasionuily heavy rnins or cloudbursts 
ill the ioothills send tiuwn u torrent that sweeps like a wall of water 
clown the valley. The flood crumbles the banks of soft shale Lirnl 
clay, swecj ts away bridffes. uproots orchards and < ru|>s, and produ^ es 
general devastation, aUhuugh the rain that caused all this destruc- 
tion iiiuy have been limited entirely to the foothill belt, none having 
fallen where the damage is done. 

Near tlie village of Lonui tlie river, which has been in sig"bt in 
many places on tlie south (left) fit the foot of the upturned red 

sail (Isf one. turns to the left and enters a canyon in 
tlir ( I iiiiiiisou formation. The High Line canal of 
the iiecianiation Service has been constructed far- 
ther west than Loma and providesfor the irrig^ation 
of 36,(X)() acres by the gravity system and 10,000 
acres by the pumping system. North of Loma several of the pro- 
jecting i)oints of the Book Cliffs are colored red and give to this 
part of the clilfs a different color tone from that which they have 
fartlier east. The red color is due to the burning of one or more 
coal beds and the consetjuent baking and reddening of the adjacent 
rocks. The Book Cliffs seem to have lost the abruptness that char- 
acterizes them near Palisade. They are broken into a number of 
terraces, which rise one above another until the height of the whole 
mass is about equal to that of tho cliffs farther east. 

Although the river has entered the canyon in the pink rocks on the 
south, the valley foniied by the erosion of the shale and followed 
by the railroad continues in a northwesterly direction. Some of the 
land is iirigated, but most of it is in its original conditioa and the 
general aspect of the country is not paiticularly promising until the 
traveler reaches Mack, the tenninus of the Uintah Railway, a nar- 
row-gage line that leads from Mack northwestward 
over the Book Cliffs and down to Dragon and Wat< 
^ri^¥i»'mJr^ son, Utah. The region about Mack is barren and 

uninviting, but the grounds around tho liotel built 
here by the Uintah Railway form an oasis in the desert. This quaint 
bungalow is embowered in trees, and on a hot day it makes an in- 
viting resting place for those who have been exposed to the scorch- 
ing sun or who are changing from one road to the other. 

The Uintah Railway is used largely to transport gilsonite from the 
mines in the vicinity of Watson. T^tah. to the main line of the Denver 
& Bio Grande Western Railroad, for shipment to market. The veins 
and mines are described below by 0. £. Winchester."* 



Mack. 



" Gilsonite Is a liard but brif tlo black 
hydrocarbon with a glassy luster, which 
occurs in great vertical veins at mapy 



places in northea'^tprn Utah and is 
being mined extensively near Watson 
and Bonanza. Tbe pure gUaonite ia 
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Although the shale which forms tiie valley that the traveki lias 
been followiiie froin Grajid Junction to this place, if he came over 
the mam line, or from Montrose, if he came over the iinrrow-gage 
line, continues along the foot of the Book Cliffs to the region beyond 
Green liiver in Utah, the railroad does not follow it because near 
the State line it ceases to form a valley and the outcrop is rough and 
is broken by stream valleys that cross it. In order to avoid this 
rough country the railroad turns to the south (left) soon after leav- 
ing Mack and follows the river through Ruby Canyon for a distance 
of more than 18 miles. The gap in the ridge through which the rail- 
road reaches the river can be seen on the left from the station. 

Half a mile beyond Mack the railroad swings sharply to the 
south (left) and leaves the shale valley. It cuts through the sand- 
stone rim that bounds the valley on the south nearly at right angles, 
disclosing the sandstones and yariegated shale beds that underlie 
the dark shale (Mantos) of the main valley. The first sandstone 
to be seen is the Dakota, the lowermost formation of the Upper Cre- 
taceous. Underlying the Dakota is the McElmo formation, equiva- 
lent to the upper part of the Gunnison formation, which has already 
been seen at a number of places. The McElmo formation has every- 
where about the same character and when once recognized is easily 
identified wherever it is seen. It includes an upper member 160 
feet- thic^-^he one that is first seen after leaving Mack — compoeed 
of variegated shale and sandstone, which on account of its relative 
softness weathers back into gentle slopes. The underlying member 
is about 60 feet thick and consists mainly of sandstone, which is more 
resistant to weathering than either tiie overlying or the underlying 
shale and therefore stands out and makes terraces or benches on the 
hillsides. The sandstone is in turn underlain by a gray day or 
shale, which has a thickness of about 100 feet. These rocks form the 
canyon walls for a distance of about 2 miles, but they are so soft 
that in no place are the walb very steep. Owing to the red and 
green tints, the color effect Is rather pleasing, but it soon becomes 
monotonous, and some other ccdor or larger masses of color would 
make a welcome change. 



easily mined with a hand pick and la 
[ilaced in large bags to be hoisted to 
tlie surface ready for shipment to mar- 
ket. The velDs are rarely more tlian 
10 feet in vrldOk, but they extend to 
unknown dqptbs and In some places 
hnve been mined to a depth of 200 to 
300 feet below the surface. The 
miners take special precautions to pre- 
vent tire, for the gUsonite dust is ex- 
tremely explosive. No aztlflelel U^ts 



are used in the mines* even at great 

depths. 

The entire giisonite output of Utah 
( abont 20,000 tons ammally ) is hauled 
over the narrow-gage Uintah Railway 
to Mack, where it is reloaded to the 
larger cars of the Denver & Rio Grande 
Western "RHilrond. 

Ollsoiiite is extensively us(^d in the 
manufacture of paints, varnishes, roof- 
ing materials, and niBber subetitotes. 
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FiuuiiE 004— Short fold In maaaive Bandatone (on the left 
of the weatbonnd train) oppogile Baby aldlaff, below 
Hack. 



The structure or attitude of the beds in this part of the canyon is 
simple. The rocks rise abruptly at an angle of from the shale 
valley on the north, but they soon flatten and for some distance lie 
flat or dip slightly toward the southwest. The railroad follows the 
valley of Salt Creek, but the bends of the creek are so short that 
they do not everywhere aoconunodate the railroad, and about a mile 

from Mack it cuts 
through one of the 
small bends by a 
short tunnel in the 
sandstone member of 
the McElma 

About a quarter of 
a mile beyond mile- 
'po6t 472 the railroad 
reaches the river, and 
from this point to 
Westwater it follows 
the right bank. The canyon, because of its red eolor, is gienenlly 
called Ruby Canyon, but tiie most strongly marked red rocks do not 

appear until the trsTeler is about half a mile below 
the siding named Bal^. Here the massiTe sandstone 
Denver 478 muca. that Underlies the MdBlmo comes up suddenly in a 

great f old,** which may be seen on the opposite side 
of the river. (See fig. 50.) The uppermost bed in this fold is not led 
but nearly white, although generally it is stained pink from the 
overlying McElmo 



shale. The white 
sandstone (La Plata) 
has a thickness of 
nearly 100 feet» but 
below it is a bed of 

somewhat softer sand- Fwoaa si.— DUreNot tnte* of aatlcltaeB. 

stone, which is deep red. The fold is very short but steep, the beds 
having a dip of about 45^. The angle of dip decreases, however, and 
in a very short distance the beds lie practically flat. 



Ruby. 

Elevatioa 4,407 feet. 




The rock folds In the plateau dis- 
trict of Colorado and Utah are differ- 
ent from those which the traveler has 
ueeu in the Rocky Mouutuia region. 
Geofirally anticUnes are great upward 
bulges in the rocks, in which the beds 
aie nearly equally curved In all parts, 
as shown in .4, figure 51. In the phi- 
teau region the general effect of am 



anticline may be the same, but the 
location and form of the fold may be 
very different; as shown in B. The 
beds are very stiougly folded on the 
flanlB of the anticline, but the area 
affected by the fold is very narrow. 
The traveler may see many such folds 
as that shown in B before he reaches 
Salt Lake City. 
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The sandstone which rises above water level just IcltAv Ruby 
sidin<]: is massive — that is, it is almost without bedding planes or 
lines of separation — and consequently it makes a canyon which has 
smooth, nearly vertical walls (PI. LXXTX). The color, except in 
the uppermost layer, about 100 feet thick, is decidedly red, so that 
in fjeneral the canyon walls are a bright red, and the name Ruby is 
quite appropriate. A close look at the sandstoTio will show that it 
is not evenly banded like many of the sandstones in the region to 
the east, but that the marks along the ed*res of the beds — which indi- 
cate the form of the layers in which the sand was laid down — dip 
at all angles, or rather are generally curved, showing that the sand 
"was carried into ihr [»la<o where it was deposited by strong currents 
of air or water, -^Yhicli cut away much of the sand that had been 
formerly laid down and in its place deposited layer after layer in 
a curved position. This process is termed cross-bedding, and an 
extreme example of it is shown in Plate LXX^T, P (p. 170). 
These beds were all laid down on the land, or at least no marine 
fossils have been found in them. 

The grateful swing of the river from bend to bend and the corre- 
sponding curves in the smooth massive walls of the canyon are well 
shown in Plate LXXTX. 

The rocks rise gently downstream, and near milepost 477 the 
canyon walls have a height of about 300 feet. Just a little below 
this point dark granite *^ appears in the bed of the river, and there- 
fore 300 feet is about the full thickness of the sedimentary beds in 
this canyon. The granite is exposed on the crest of a small anticline 
or uplift, and in a few hundred yards it disappears. The upper sur- 
fare of the granite is smooth and doubtless once formed the land 
surface upon which the sand was laid down.*^ 



•"The crystalline rock that consti- 
tutes tbe fouodatiou upou w]iich west- 
em Golonido and eastern Vtab have 
been built presents diflerent pluises 
from place to place; in one place it 
mny be a true jrranite, in another a 
gneiss, and in anotiier n sciiist. Ar 
tbese phases grade into one another 
tbe exact character of the rock in all 
places can not easily be apedfled, and 
so It is bere called granite because tbis 
term Is in f?eneral sufficiently exact, 
and an attempt to differentiate thp 
various kinds of crystalline rocks 
might be complicated. 

*In tbe canyon of Colorado River 
just above Oleawood Spriacs tbe same 



granite or gneiss is exposed, and the 
stream has cut its channel in tliis rock 
to a dqitli of 1,000 feet Tbe quarts- 
ites, limestone (Onray ) , and variegated 
CailKmlfenms rocks above tiie lime- 
stone, ovfend^ngr from the canyon Just 
mentioned almost as far as Wolcott, 
are not found in Kuby Canyon. As 
many of tbese formations are of ma- 
rine origin it seems probable tbat ttaey 
were originally deposited over all tbis 
region but that later the sea bottom 
was iiplift^od so as to form land and 
theu tlie blreams and the weatlier 
slowly cut tlie rocks away until in 
places the formations mentioned were 
removed before the red sands were laid 



Digitized by Google 



194 GUmBBOOK OF TBE WBSTBnir XTNITBD STATES. 

Although the river has been the principal agent in carving Buby 
Canyon it has not done all the work^ for the moisture in the atmos- 
phere and the sand blown by the winds are very active in "wearing 
away the rocks. The results of the work of both of these agents may 
be seen at many places. The moisture in the atmosphere dissolves 
the cementing material that binds the grains of sand together, and 
the wind mechanically removes the loosened grains. These agendes 
acting together eat out cavities in the canyon wall, most of tiiem 
small, though here and there one is excavated into an immense alcove 
having an arched roof. Wind-driven sand cuts the hard rock like a 
sand blast, and as the texture of the rocks differs from point to point 
the cutting has produced grotesque, fantastic forms. At some places 
the sand blast has cut the finest fretwork; at others it has simplj 
rounded off projecting points of rock so that they stand out as great 
domes or circular minarets. Many such features cap the solid canyon 
wall, but they are so far above the track that the traveler can see them 
only as he looks ahead at some projecting spur or back at the disap- 
pearing view. At <me place a group of columns on a salient point on 
the canyon wall resembles a procession of Egyptian figures, as shown 
in the ornamentation of their temples, and consequently these are 
known as *^The Egyptian Priest&^* 

Beyond the place where the granite appears in the river bed the 
rocks dip gently downstream as far as milepost 479, where they are 
again elevated in a fold similar to that which has exposed the red 
sandstone just below Ruby. This fold is not so apparent from the 
train as that just mentioned, but by looking ahead from a point near 
milepost 479 the traveler may see it in the canyon wall on the right, 
and he-may note traces on the projecting point on the opposite side. 
This fold raises the sandstone so high that the granite again appears 
in the river bed, rising at least 20 feet above ordinary wat«r level and 
being visible from the train for about a mile. The river has had 
much frreater difficulty in cutting the granite than in cutting the 
stiiidstyne ; the sandstone has been entirely KMoovedj but the granite 
ioims a verv effectual barrier in which the stieam has been able to 

«-' 

cut only narrow channels, through which the water boils and tumbles, 
so thfit the rock is scoured and polished by the sand that the water 
carries over it. Pebbles accumnlate in hollows of the rock and soon 
grind out deep holes where tliey are given a rotary motion by tlie cur- 
rent. Such holes, which are known as " potholes," are abundant in 
the granite in this canyon. 

In places the massive sandstone overhangs the railroad, as shown 
in Plate LXXX, and the beetling cliffs afford ideal sites for the 

down, althonSh In other places only a | at different localities different foima* 
part of them were removed. Hence | tione rest on tbe granite. 
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mud dwellings of swallows, which circle about such places in count- 
less numbers. In other places the rocks assume fantastic forms, 
especially on projecting points between the sharp bends of the 
stream or between tributary canyons, as if mighty buttresses were 
necessary to support the vertical walls, but a general and solid 
massiveness and the nearly vertical character of the walls make a 
stronger impression upon the mind of the traveler than any other 
feature. 

The granite disappears beneath the river bed near milepost 481, 
and the rocks below that point dip gently southwestward and the 
height of the walls gradually diminishes to the place where the 

canyon is crossed by tlie boundary line between Colo- 
: ' rado and Utah. The boundary is marked by a monu- 

SSIi?af2?eJ*'' ^^^^ track' and by a line painted 

on the cliff at the right, with "Colorado" on the 
east of it and "Utah" on the west. (See PI. LXXX, C) Tlio 
canyon walls here are only about 200 feet high, and they decrease 
in height and impressiveness until the red san l^tone passes below 
the level of the tra^k near the point where the railroad crosses Bitter 
Creek, close to milepost 488. 

Below Bitter Creek the walls of the canyon are made up of the 
softer beds of the ^^cE^Tn^ formation, and they recede from the 

rivci-. leaving a broad valley which at one time was 
We8twat«r, Ltah. .^elected as the site of a town that was to be named 
Eieration 4,340 fe«t. Wcst water, but Unfortunately for the founder his 
Denver 488 Billet. dreams were not realized, and the town to-day con- 
sists only of section houses, a water tank, and one 
or two farms. At this point the Denver & Rio Grande Western 
lenvp? Colorndo I\lver, which the traveler will see no more on this 
ioni noy. By looking to the left (downstream), however, he will see 
that the rocks rise again and that the canyon assumes large propor- 
tions. Indeed, its vertical walls seem to be even more pronounced 
than those that mark its course above Westwater. 

About a mile from Westwater the railroad crosses Cottonwood 
Creek, which heads in the foothills of the Book Cliffs. The road 
extends up one of the branches of this creek to the divide l^etween it 
and some other small streams on the west. In climbing, however, the 
traveler sees the same rocks at the level of the track, for the rocks 

rise toward the west in a great fold that brings up 
Cottonwood. ^j^g sandstone again below Westwater. So, when 
Siw4w'irtii**'' traveler reaches the siding of Cottonwood, 
. which is at the summit, the beds which he sees are 
of the same age as those which he saw at the crossing of Cottonwood 
Creek, 4 miles to the east 
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After journeying through the canyon for about 20 miles the trav- 
eler will probably be glad to leave it and to gain the upland, where 
he may see something more than rugged rock walls and muddy river. 
If the vegetation on the upland is not parched and dried by the sum- 
mer's heat, the sego lily, Utah's floral emblem (PL LXXXI), may 
be seen here and there lifting its delicate. head, though it stands so 
close to the ground that it is difficult to identify from the moving 
train. The wide expanse of upland also enables one to see the lugier 
features of the surrounding landscape. One of the first obj«cts to 
catch the eye on the left is a distant group of mountain pesJtas — the 
La Sal Mountains— whose highest point reaches an altitude of about 
13,000 feet One unaccustomed to judging distances in the clear air 
of an arid country can not say whether these mountains when first 
seen are 10 or 50 miles away, but careful measurement has shown tiiat 
the nearest peak is about 30 miles distant This mountain group 
was formed by the uplifting of the rocks in a great domeliks mass, 
and if the light is just right the traveler may see the great cliff-like 
wall of red sandstone, with which he is now becoming famiHar, on 
the east side of the mountains, where it has been uptilted by the 
movement This group of mountains will be in sight for some time, 
and a little farther west it can be seen to better advantage. 

The railroad winds about in the low hills of the BfeElmo iaaaar 
tion, which in places are »miewhat picturesque on account of tiie 
great variety of their colors, but in general the outlook is nol; par- 
ticularly pleasing. The scene, however, may be of great in tere e t to 
one not familiar with it, for it gives him a good idea of the utter 
barrenness of a region where the rainfall is as scanty as it is in Ghrand 
County, Utah. In places the rocks are very dark, and the traveler 
may think that they have been baked to this dark color by volcanic 
fires and that many of the rock fragments are pieces of lava. The 
geologist, however, knows that the rocks of this i-egion are not vol- 
canic. In fact, uU Llie rocks composing the McElmo and Gunnison 
formations were laid down as sediments in lakes or ponds or in 
the beds of streams, and the dark rocks are only those that contain 
considerable iron, or those that have been coated by so-called " desert 
vainibh," a dark substance, probably in large part manganese, which 
tends to cover all exposed rocks in the desert region and to give 
them a black color. It is from the McElmo and La Plata formations 
or their equivalent, the Gunnison formation,®* that most of the ores 



the region between Denver and 
Salt Lake City the fionDation Immedi- 
ately ben^th the Dakota sandstone 
bears a number of names, which are 
excetMllnerly confusing to anyone who is 
uuiamiiiar with the rocks and their 



idatfons. Thus Bkmg tSi* Front 
Range the Moirlaon is a wdl^marked 

formation of variegated shale and 

sandstone whose n^e nppprmost 
Jurassic or lowermost Cretaceous. It 
is a freah'Water fomation and con- 
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STATE FLOWER OF UTAH. 

This delicate flower is commonly known as the Sc^o lily, but by botanists it is called CulcKihortus 
DUttallii. It Krowsiu abundance on the higher lands of the State and is one of the most beautiful 
of the wild flowers. Photograph by Shiplers, Salt Lake City. 
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A. PLATEAU NEAR MOAB. 

Some of the wonderful lowers and walls tliut muy be seen on the left from the railroad. 
There are no curves in this landscape, only strui^ht lines and angles. Some of tlie 
valleys hid<len in these ruRKed plntraus are very beautiful but diHicult of access. Photo- 
graph by Whitman Cross. 




B. SHALE lUDLANDS AT FOOT OF ROOK CLIFFS. 

Between Cisco and Thomjison, lUah. the railroad winds about in shale badlands similar 
to those shown in ihis view. They are nearly barren of ve^ietation and to many persons 
seem desolate, but to the l()V«'r of naluro they are wonderful exhibit ions of the aelicaln 
carvins that is Koing «» during every shower. Photoj:ruph by G. B. Richardson. 




r. GUNNISON RIJTTE. 

A prominent isolated butte on the bank of Grc«n River, a few mil<^ above the town of Green 
River. The bulte was nanic<l in honor of Cajit. Gunnison, who crossed the river at this 
place in 1H.>3 while surveying; fur the Government a route for a PacUic railroad. Photo- 
graph by M. O. Leightou. 
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of radium are obtained, and onv. of the mopt proiliictive districts lies 
in Paradox Valley, Colo., 15 or 20 miles east of the La Sal 

Mountnins. 

The low hills of McElmo rocks seem endless, but finally they are 
passed, and at milepost 50i the railroad cuts through tlin Dakota 
sandstone, which dips about 30° W. Next it enters the Maucos shale, 
which the traveler la^ saw at Mack, before he entered Huby Canyon, 
and the features of the surface now become more subdued and softer, 
and he has a better opportunity to see what surrounds him. To the 
north he will see the ianuliar Book ClifTs. but thej are so far away 
that their character is scarcely apparent. However, they swing to 
the south around the prreat iintirlinal point through which Ruby 
Canyon is cut, and in 15 or 20 miles they will be so near the track 
that they can be clearly seen. 

At the place where the railroad crosses the Dakota sandstone, at 
mOepost 501, it is within a mile of the great bend which Colorado 
River makes to the northwest, but despite its nearness the river lies so 
deep in its canyon that it is not visible from the train. Three miles 

beyond this point is the village of Cisco, which is 
one of the largest shearing and dupping points in 
Elevation 4,,^75 fe«t this gT^at sheep-herdimr country. One unfamiliar 

DamBtMnOM. With this region might think mat there was little 

or no pasturage here for even a Aeep, but when 
lain falls the country is green with gnuta, and even in times of 
drought there are forage plants that might not be noticed by the 
luaccustomed eye. 

After the train passes Cisco the La Sal Mountains are in plain 
sij^t, and the traveler may see the great red wall on the east and aieo 



tains the remains of immemse reptiles 
(dinosaurs). 

West of tlie mountains a similar as- 
tonblage of fite^li-water aandstones 
aBd shales lies inunediately l>eiieatli 
tbe Dakota. Undoubtedly tbis forma- 
tion i.s in part eciuivtilont tn ttie Mor- 
rison, but as it is supijoseu to contain 
lower beds than tlie Morrison it can 
not be considered exactly equivalentt 
so It was called the Ounnisoii forma' 
tion. 

T.ater, In working out the snroo';«!nn 
of formations in tlie San Tnr.n Moun- 
tains In southwestern Colorado, Cross 
found that beds nearly equivalent to 
tbe Gmmlson were greatly ezpaAded, 
especially in the lovrer part, and be 



felt compelled to introduce the term 
McElmo for rocks of neuriy the same 
age as the Morrison, and the term La 
Plata for a massive white underlying 
sandstme. The La Plata sandstone 
should perhaps be included in the Gun- 
nison. Rpcpnt work has oxtendofl the 
names McElmo and La Plata north- 
west to Greenrlver, Utah. 

In tjpite of this confusion it seems 
best here to use tbe three tenn^ bo the 
name McElmo is applied on sheets 7 
and 8, although Gunnison wa^^ iTicf! f>Q 
Sheet 6 for rocks of about the same age. 
The reader should therefore remember 
that the Morrison, Oimnlaon, and Mc^ 
Elmo include rocks that may be eQiiiva* 
lent in age. 
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the place where It is upturned and cut by the river between the rail- 
road and the monntnin. As seen from the train the couiitry to the 
ricrht of the Lii Sal Mountains is exceedinp^ly rough and rup<;e<i. 
bein^r cut into great canyons with vertical sides or left in giant blo(b. 
also with vertical sides. In fact, the tra\cloi is now approachini: 
a region in which the expression of the topography is diHerent from 
Anything that he has yet seen, unless lie is already acquainted with 
the country that was called by -Powell the "Canyoft lands." In 
this region Hogarth's "line of beauty" is uukiiown. The slopes of 
the hills and mountains do not show gracefully curved lines from 
snnunits to bases, but each slope forms a straight line and unites 
with its neighbor in an angle and not a curve. The ralleys are all 
canyons, which eitlier have vertical sides or sides composed of 
straight lines, and the intervening spurs are mesas with flat tops as 




PtooBS 62. — AbkuImp profllet of tbe FlatMiti provtnee;. 



shown in figure 52. A glance at the country on the right of the La 
Sal Mountains will show some of the angularity mentioned. This 
characteristic feature of the land forms is illustrated in Plate 
LXXXII, A, which is a view taken near Moab. It also shows some 
of the slender towers of rock which the traveler may see from the 
train. 

Although the La Sal Mountains have attracted much attention, 
another group of mountains, which are even more interesting, are 
slowly appearing above the horizon, far to the southwest. Where 
first seen, in the vicinity of Cisco, these mountains, named the Henry 
Mountains for Joseph Henry, the first Secretary of the Smithsoaian 
Institution at Washingt(Hi, are fully 100 miles distant. They are 
divided into three groups — the larger group at the north and two 
isolated peaks farther south.^' These mountains lie on the west side 
of Colorado Biver, which in this region flows in a canyon 1,000 
feet deep. 



** The study of the Henry Mountains 
In 1876 by 0. K. Gilbert led to the 41b- 
ooveiy of a new type of momitaln, 
which is indirectly of volcanic origin 

but is not a volcano. It is now known 
that the La Sal Mfinntnlns nnd many 
other similar groups in tlie Plateau 
province belong to the i>ame class. 
Gilbert foand tbat tbe peaks of tbe 



Henry Mountains are composed largely 
of hardened lava, which, when It was 
in a molten state, Instead of awoendlng 
to the surface through some flssoxe 

in the rocks and then pouring out over 
the surrounding country as a lava 

flow, welled up in the eartirs cmst 
until it lifted the covering rocks and 

forced tbem up in a great dome. M 
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Beyond Cisco the railroad cur\Ts here and there over the shale 
upland, steadily approaching the foot of the Book Cliffs. (See 
sheet 8, p. 210.) As it nears the cliffs it seems to be lost in a maze of 
small shale hills, as shown in Plate LXXXII, 5, but in places one 
may catch glimpses tlirough them of the ragged front of the cliffs. 
Viewed from a distance the Book Cliffs look like a regular mountain 
front, but viewed near by they are seen to be made up of a series of 
terraces or benches, each bench being formed by some hard bed of 
sandstone more resistant to erosion ihsai the beds above or below. 
J£ach bench is cut by streams into a number of salients, or teeth, 
which project far beyond the main maas of the cliffs. Behind and 
above the lowest row of salientB tbm may be a second row, formed 








FlQUBB 58. — Mountains camA from a laccolith. The block at the rear showa th« former 
poattton of the sedliMntarf beds after thej ware farced upward by the IntraaloB of 
the lava. 

by a similar hard bed, and in places there is a still higher row of 
salients, formed by a third hard bed. The resulting cliffs present 
a front that is very irregular in detail but very regular when viewed 
from a distance. A view along the front, showing the lower tier of 
salients, is given in figure 54. The lowest bench of the cliffs is 
formed by the lowest sandstone in the coal-bearing Mesaverde for- 
mation, and the slope below is o(»nposed of.Mancos shale. This 
shale is very homogeneous in composition, and therefore on steep 
slopes it has been cut by many mimite ravines, with a wealth of 



the hardened lava is more resistant 
than the surrounding rock, which has 
been worn away, it now stands up as 
a mountain or a mountain range. 

On account of their peculiar method 
of ikmnatton Gilbert proposed for 
them the name "laoooUte** (whicb 
was afterward changed to **laGco- 



lith"), mpaninp stone cistorn. Lac- 
coliths are not only recognized in the 
western country, but since they were 
described by Gllhert tfaegr have hen 
reeognlMd In almost every contlntnt 
on the globe. ▲ mountain group that 
has been carved from a laccolith Is 
resented in figure 68. 
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detail that is amazing to one unaccustomed to the effects of the erosion 
of rocks in a semiarid region. What infinite pains Nature appar- 
ently takes even in carving one of these commonplace hill slopes! 
This can ing is, indeed, a work of art comparable to that of the most 
skillful sculptor. 

As the traveler goes westward he finds many shale ridges, which 
form the divides between parallel stream valleys that head in the 
Book Cliffs. These ridges have either flat tops or tops that slope 
regularly away from the front of the cliffs. The tops of the ridges 
stand from 80 to 100 feet above the general level of the plain and 
doubtless represent the surface of a former plain that stood that dis- 
tance above the present surface. When that ])l}iin existed the streams 




FioDBS 54.1 — Projecting point of the lower saiienta of the Book CHHIk view looUns «ut 

from Tliompfloo, Utah. » 

oolild not cut deeper into it, and so the land was reduced to a gentle 
slope, but later the streams acquired greater cutting power and they 
have succeeded in eroding away most of the old plain except where 
it is best protected on the divides. What caused the increaiBed cut- 
ting power of the streams is a difficult question to answer. It may 
have been an uplift of the country, or it may have been a change in 
dimate by which tibe vcdume of water carried by the streams was 
greatly incressed. 

After the train has passed through cuts made in two or three of 
these shale ridges it reaches the village of Thompson, or, as it was 

formerly called, Thompson's Springs, a name ap- 
Th^paen. plied to it because 6 miles up the canyon that opens 

******** on 'sT*'*^ at this place there are several springs which have 
Snw 628 miiea. been of great value. In a dry country all settle- 
ment except on the railroad depends on the pres- 
ence of water, and in the early days Thompson's Springs were the 
chief source of supply for those who were forced to make the trip 
across this inhospitable country. When the railroad was built the 
springs were equally valuable as a source of supply for the locomo- 
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tiTW, water was piped from them to tlie line of the mnr!. For a 
long time Thompson owed its prosperity to the water from these 
spxings and to the business which it obtained as a supply and ship- 
ping point for the sheep owners in the region about Moab, an old 
Mormon town on Colorado Elver, 32 miles to the southeast.** 

Coal mines have recently been opened 5 miles up the canjon, and 
the eoal is brought to the railroad by a branch line. The coal is of 
good qnality but not quite so valuable as that which is mined in the 
same formation farther west. 

The many salients 'of the Book Cliifs show- well from Thompson. 
Bj looking east or west along the front one can see point after 
point projecting from the plateau, as shown in figure 54. The intri- 
cate sculpture of the shale that composes the lower slopes of the 
cliffs is weU shown about a mile west of Thompson. By contrast 
with the curves in the sculpture of the shale the angularity of the 
forms of the land impresses the traveler more and more as he gazes 
off to the southwest while he is passing over the plain just west of 
Thompson. fjSeen from this plain the profiles of the distant plateaus 
appear extremely angular and show no flowing curves. The land- 
asnape looks as if it had been formed by the hand of a giant who 
carvod it with an aze, cutting here and there great angular chunks 
out of the flat-lying rocks. (See fig. 52, p. 198.) 

A short distance west of a siding called Crescent the railroad cuts 
"Qirough a low ridge of ^ale, which is one of the remnants of the 
higher surfsoe, snd then begins the long descent to Green Biver. 
Immediately after cutting through the ridge the road turns to the 
north, and for about 10 miles it skirts the front of the Book Cliffs, 



•* It was the settled (If'tprrulnation of 
the early Mormon lea(]»M < nmkp their 
followers an ugrieulturul people, for 
they knew tlwt those who ttU the wtl 
can much more easily be held In an 
orjranlzation like that of the Mormon 
Church and are less likely to wander 
away after " strunsc fjofls than those 
who are engaged in other pursuits. A 
great empire was to be built, and its 
moat aecate fonndatlon was a large 
and prosperous agrlcultnral popula* 
tion. 

The region in which they bad settled 
and which they regarded as (he " prom- 
ised land" was much like that of 
.Judea, In whleh the ande&t 'Hehiews 
iflourtshed, a land consisting hi large 
jpart of deserts whose oases here and 
there afforded fine opportunities tor a 



pnstornl people. Soon after the first 
settlement of tlie valley of Great Salt 
Lake, iii 1847, immigrants began pour- 
ing tnto Utah at the rate of several 
thousand a year, and the leaders had 
to find tiiese oases and see that the 
newcomers were settled therein. la 
this work they were autocratic. 
Brigbam Young directed the settlement 
Of the Talleys and even picked the fami- 
lies and the leaders who were to settle 
tiioa. Nothing was left to chance. 
The proceeding was liiKh-handed, hut 
the results, as seen to-day, show that 
it was proliably the best that could 
have been followed. Moab was one of 
these distant colonies, and others were 
established In southern Utah» Arisona, 
and California, as well as In more 
northern Statea 
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running most of the way through badluida of soft shale that have 
been cut hy rain and running water. It passee so near the cliffs that 
the traveler may see all the delicate fluting and also the sharp points 
of the salients which are protected by caps of heavy sandstone. 
Although the variety of details is infinite, the general aimilarity of 
the forms produced grows wearisome, and the traveler finally wel- 
comes the emergence of the train from the badlands into the open 
plain, which leads down to Green River. This ohange occurs at a 
mding called Solitude, which indeed is rightly named. Here not- 
ing is in sight but the endless expanse of pl&in covered with €tsB 
stunted vegetation of the desert on the one side and tiie equally end- 
less badlands on the other^ To the eye of the sheep herder, however, 
this region is not desolate, for it affords fine feeding ground for his 
sheep. The impression of it, then, depmids on the point of view ; wimt 
the stranger sees as desolation no words can describe one familiar 
with the some views without aversion and accepts at its real worth. 

Immediately after the train rounds the curve beyond Solitude the 
town of Greenriver comes in sight, although it is almost 12 miles 
distant. At least the green trees in and surrounding the town can 
be seen, but they are nearly straight ahead and the traveler may have 
(iiiiiciilty in locating them. ^ 

As the train passes down this even slope much of the surrounding 
landscape is spread out liefore the traveler. The Book Cliffs on the 
right swing far to the north in a oxent reentrant which Green River 
has cut in their generally even irunt. Across the river there is a 
strong salient, which is lannvn as the Beckwith Plateau, named for 
Lieut. Beckwith. who was a^riociated with Capt. Gunnison in 
Burvey of this route for a Pacific railroad and who crossed Green 
Kiver September 30, 1853. Capt. Gunnison lost his life in nn en- 
counter with a band of Indians after he had crossed the Wasatch 
Plateau, and Liuut. Beckwnth prepared the report of tlie ex|)lora- 
tion. The most uttractivo features in the landscape are the wonderful 
tablelands and the peaks resemblin<>' mined cities, which can be seen 
far across the river in the north end of what is known as the San 
Kafael SwelL This region is described in greater detail on pages 
207-208. 

As the traveler descends the smooth shale slope he can make crat 
the point where Green River merges from the mountainous country 
to the north by the deep reentrant in the line of tlie Book Cliffs. By 
dose examination he may be able to see a butte on the west side of 
the river, which is marked by a series of pinnacles and which is 
known as Gunnison Butte, in commemoration of the survey of this 
region by Capt. Gunnison. (See PL LXXXII, t7.) This butte towers 
2,700 feet above the river, but as seen from ttke train it seems to be 
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not more than 300 or 4UU feet high. Yery few published reports re- 
garding the early exploration of this part of the country are avail- 
able. Gannett refers to the early history as follows: 

From A very early time this region was traversed by Spanish caravan8» 
traveling from Santa Fe, N. Mex.. to T os Angeles, Calif. Tlie old Spanish trail, 
which these caravans followed, entered Utah on the east near Dolores River, 
crossed the Grand [Colorado] near the Sierra La Sal and the Green at the 
present crossing of the Rio Grande Western Railway. It reached the valley 
of Sevier Rtver near its bend and, tnniing sonth, followed its valley to the 
Iwad and down tlie Virgin to a point near its montb, whence it turned weet- 
Yoadt running oat of the State near its Mmtbwest comer. This tramc, which 
at one Um^ wrs greats left, bowever, no trace behind in the form of a settle- 
ment. * " * 

The earliest recorded exi)loration of any part of Utah was a journey by two 
Franciscan fathers, Escalante and Domlngnez, from Santa Fe, N. Mex., to the 
shores of Great Salt Lake in 1770-47. So fhr as can be learned, thdr ronte 
followed in the main that of the old Spanish trail, and it is not at all imprcfbable 

that they were the pioneers In laying out the western part of this route to' 
southerTi ralifornia. So far as known, they were the fii-st white men to visit 
the easterij part of the Great Basin of Utah. This journey was not, however, 
fruitful in geographic discovery, except in the fact that it may have determined 
the route of travel between the Spanish settlements of New Mexico and those 
of Oalifoniia. 

Thus it seems probable that while the original colonies on the At- 
lantic seaboard were w^aging their war for independence, Falliers 
Escalante and Duininguez were marking out the old Spunish trail 
and even crossing Colorado River at or near the same point where 
the travelers of to-day cross it on the trains of the Denver & Kio 
Grande Western Kailroad. The next notable journey of explora- 
tion in this part of the ronntry, at least by English-speaking piopie, 
was that of Capt. Gunnison in 1853. He likewise crossed the river 
at this point, but after reaching the west bank he veered off to the 
south and followed the Spaiiish trail instead of the route now fol- 
lowed by the railroad. 

In its descent from the east the railroad runs into a shallow val- 
ley, which conceals the view of the surrounding country, and finally 
ewes out on the east bank of Green Biver at a little village called 
Blgin. The change from the barren slopes of shale to the beautiful 
gfeen of the cott<Miwood trees and the brilliant fields of alfalfa is very 
grateful to the traveler, and he welcomes the sitrht of running water. 
It is true that Green Biver is generally muddy, hut even if it is he 
looks upon it with pleasure and almost with reverence, because a 
stream of this size that can persist dirough so many miles of send* 
arid laud ezdtes curiosity and admiratioiL The river is spanned by 
a fine steel bridge (see PL LXXXIII), and a mile farther west is 

Hnnnett, Henry, A gazetteer of Utali: U. S. GeoL Survey Ball. 166, pp. 10- 
11, l&OO. 
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the stilt ion of Greenriver, an oasis in this inhospitable <iesert, at the 
lowest point on the Denver & Rio (iraiide Western Kaiiroad. In this 

region the summer temperature is almo!^ torrid and 
Greenriver. precipitation is slight, probably about 6 or 7 inches 

Eievatioo 4.080 feet, annually Water has here been taken frojii i hrpi] 
DtBver 55B mllea. River for the irriiration of a small area that has beta 

made to produce almost all kinds of crops and fruit. 
Fruit trees flourish here, as shown in Plate LXXXIV. A much 
larger area could be irrigated, though at much greater expense, by 
damming Green River in the canyon far above the town and con- 
structing expensive canals to carry the water high up on the sur- 
rounding slopes. Sooner or later this work will be done, and then 
Green River valley will rival Grand Junction in Und acmge nndw 
cultivation and in the abundance of its products. 

Where it is crossed by the Denver A Rio Grande Western Railroad 
Green River is a quiet, peaceful stream, as shown in Plate LXXXIU, 
flowing in a broad valley with low bank& It is haid to realize, 
therefore, that above this place it is a roaring torrent, confined in 
narrow walls hundreds if not thousands of feet high, and that 50 
nules downstream it joins the Colorado, which there enters the grand- 
est canyon in the world."* 



** It is impossible liere, in describing 
Green River, to avoid mentioning the 
explorati(Hi of tbis wonderful stream 
and its flonthwanl contiiiiiattoii, tbe 
Colorado, In 1860 by Mai. Join W. 
Powell, who afterward became tbe 
Director of tiie United States Geologi- 
cal Survey. Although Maj. Powell 
had lost his ri<rht arm on the battle 
field of Shiloh, this loss did not deter 
him from attempting the descent of 
the cuajfm of the Oolorado» an ex- 
ploit that few men physically perfect 
have been able to accomplish. 

For a number of year<» prior to 1809 
Powell had been doinp geologic and 
geographic work in tlie Uinta Moun- 
tains and the adjacent plateaus, and 
he bad many times looked down Into 
tbe swirling waters In the bottoms of 
the unexplored canyons and longed to 
embark upon them and learn the secret 
of the canyon land. He thus fell 
under the spell of tho Grand Canyon, 
and for many years he dreamed of 
ezplortiig it; although up to tiiat ttme 
no one who had beea brave or fool- 



hardy enough to attempt to ride the 
current of the mighty ('olorado hml 
lived to tell the tale. Powell was 
warned by the Indians that no one 
who entered the secret and sacred 
predncti of tbe si>ds» as iStut Indian* 
conceived ttie canyon to be, could ex- 
pect to come out alive. But such tales 
only whette<l his curiosity and spurred 
him on to Increased activity. lu bis 
narrative (Exploration of the Colo- 
rado BiTer of tbe West and its trflW' 
taries, p. 7, WaBhtakgton* 1875) PoveU 
says : 

"The Indians, too, have woven the 
mysteries of the canyon into the myths 
of their religion. Long ago there wa^ 
a great and wise chief who mourned 
the death of his wife and would not 
be comforted until Ta-woats, one of 
the Indian gods, came to him and told 
him she was In a happier land and 
olTered to take him there that ho mie;bt 
see fur himself if upon his reiurn he 
would cease to mourn. The great 
chief promised. Then Ta-vwoats mtde 
a trail throngh the mountains tbit 
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A few huBclred feet west of the station at Greenriver the railroad 
has cut through tlie dark shale at the base of the Mancos formation. 
If the traveler could have the opportunity of leaving the railroad 
coach and of walking through this small cut he would find that almost 
every fragment of shale is covered with impressions of shells. Ex- 
perts who haye studied these shells say that at one time eadi wis 
inhabited by an animal that lived in the sea and that when the animal 
died the shell was filled with the dark mud that has since been consoli- 
dated into shale. The form and all the Micate markings of thiese 
shells have been well preserved. The general distributioii of this 
shale in New Mexico, northeastern Arizona, eastern Utah, Colorado, 
Wyoming, BiContana, North Dakota, and Soiriii ]>akota shows that the 
sea in which it was deposited must have been of great extent and that 
the Bodgr Mountains of to-day could not then have been in existence. 
Geologic evidence over all the world shows that its surface has been 
continually changing. At one time a region may be covered with 
water ; at another time it may have been a plain much like that which 
the traveler crossed east of Benver ; and at still another time it may 
have been high land, with mountains. Such a succession of changes 
has been repeated many times, with infinite variaticms, through all 
the ages, and the present age is no exception but is also a scene of 
general change or traiisformation. Sucli a transformation is going 
on to-day as in the past, but we are scarcely aware of it, for it is so 



interrene between fbat beaatlfol land, 
the balmy legloQ in the great west, 
and thts, tbe desert home of the poor 

Nu-ma. 

" This trail was the canyon gorge of 
the Colorado. Through it he led him, 
and when they had returned the deity 
exacted from the chief a promise tiiat 
be would teU no one of the Joys of 
ttiat land lest, through discontent with 
the circumstances: of tliis world, they 
should desire to go to heaven. Then 
he rolled a river into the gorge, a mad, 
raging stream that should engulf any- 
one that migiit attempt to enter tlieva- 
by. 

More than once have I been warned 
hy the Indinnp not to enter this can- 
yon. They con si di ml it disobedience 
to the gods and contempt for their au- 
thority and believed that it would 
■nrdy bring upon me thdr wratlL** 

One of the Indiana deecrlhed to 
FoweU tlie tate of some meaobeni of Ua 



tribe yrho attempted to ran one of tb» 
canyons of Green Blver in the IkkUow* 

ing prnphlc manner : 

"•The roolfs,' he said, holding his 
hands above his head, his arms ver- 
tical, uud looI{.iug between them to the 
heavens, *the rodu h-»«-p, h-e-a-p 
blgta; the water go h-oo-woQg|i» li-oo* 
wongh; water pony [boat] h-e«-p 
buck; water catch 'em; no see 'em 
Injun any more ! no see 'em squaw any 
more! no see 'em papoose any more!'** 

Despite these admonitions Powell 
made preparations to uuUertalve the 
descent of the canyons* and on May 24, 
1869, he floated away from the fron* 
tier settlement of Green River, Wyo, 
with a party of ten men in four boats. 
Oti*» of the boats wtiy wrrn ked in the 
canyon of Lodore, where the river cuts 
through tlie great maas of tiie Uinta 
Monntslns, but none of the party was 
lost The eipeditlon passed what was 
then called Gunnison's Grossing; now 
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slow that even during the entire i>eriod of human history it has made 
but little progresa 

After the train surmounts the slight rise out of the valley of 
Green River the traveler will see spread wide before him one of the 
most desolate landscape?; that he has thus far pnased in his western 
trip. For miles the surface of the plain consi'^ts uf bare clay or 
shale without so much as a dump of sagebrush or greasewood to 
break its monotony. The soil is the same as that about Green River 
and at Grand Jniirtion and Montrose, in Colorado, and all that it 
needs to transform it from a sc^'ne of desolsition to one of ]>eace 
and plenty is water. To-day it i.s desolate and waterless, far from 
the homes of men, inhabited only by beasts and birds of prey. Even 
these are not always seen, and the traveler who is unfamiliar with 
the country may imagine that it is totally without animal life; but 
ahould he camp here in the des^ for a time he would find that at 
moiBing and evening it is alive with hirds and animals eagerly aeeik- 
inp: fr)od and ready to fight for it. 

West of the eroeaing of Green River, at what is now the town of 
Greenriyer, the old Spanish trail divided. The main trail, which 



Greenriver, Utah, on July 13, and 
thence went into the Grand Canyon of 
the Colorado. Here they met many 
mlslutpa but f oand no fiaUfl oTer which 
they ooqUI not take tiielr boatfl» and in 
time th^ reached the deepest part of 
the cnTiyf>n ; but they had lost \hp\r 
Instruments and had no means of esti- 
mating the distance yet to be traveled 
to the Mormon setttements at the 
month of the Grand Wadi. TbOr 
pragtMMi was alow, too^ and provisions 
began to mn short; and several of the 
party became discouraged and dissatis- 
fied. Powell did all he could to induce 
the men to remain witli the expedi- 
tion, but three of them decided to 
abandon the rtver and attempt to climb 
out of the canyon. These men stus 
ceeded In reaching the plateau only to 
be Icilled by the Indian;?, who did not 
believe tlieir story about coming down 
through the caiiyon but thought they 
were white men from across the river 
who had killed a sanaw In a drunken 
brawL What made their, fate more 
tragic was the saccess of PoweU and 
his remaining men, who continued 
down the river and ou the next day 
reached the mouth of the canyon, and 



on tbe day following arrived safely 
at the mouth of Virgin iiiver. 

No romance Is more entertal&teg 
and endting than the aooonnt of t3ils 
expedition, told in the plain, simple 
language of MaJ. J^owell, or than the 
account by DellenbauKh of Powell's 
second trip, made in 1871 and 1872, to 
verify and extend the fragmental 
sdffiEitiflc observations recorded during 
some parts of his flrst trip. To-day a 
fitting monnment to MsJ. Pow^ stands 
on the brinlc of that titan of chasms 
at Grand Canyon to commemorate his 
exploration. 

The pioneer trips thus made by Maj. 
Powell in hardship and peril prepared 
tiie way for the topographic engineers 
and geologjats of the Geological Sur- 
vey, who to-day, more than 50 years 
later, guide their motor boats with 
confidence, though even yet not with- 
out danger, over stretches of tlie river 
traversed by the PoweU party. These 
.engineers are doing pioneer work of 
another sort» for they are making 
plans by whldi the river can be used 
for irrigation and . for generating 
power, 8o that men can make homes 
in this still wild country. 
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led to southern California, turned to the south and crossed the 
Wasatch Phiteau at Emery Canyon; the other branch of the trail 
turned to the north and followed practically the present line of the 
Denver & Hio Grande Western Bailroad* By crossing southern Utah 
oyer the old Spanish trail the early travelers gained a general 
knowledge of that country. It was soon settled by bands of Mor- 
mons sent out by Brigham Young, and its settlement led to the 
location of the first capital of the Territory of Utah in its southern 
part« 

The train pursues a westerly course through the barren wilderness 
of clay flats, low shale hills, and dry beds of the desert watercourses. 
Water is so scarce in this region thftt at eftch siding ih» railroad com- 
pany has built cisterns to which it hauls water in tank cars for long 

distances. The rainstorms here are generally violent ; the water falls 
in torrents, the desert becomes a sea of mud, and the rushing' streams 
cut deep channels and dissolve their banks as if they were inude of 
sugar. At times even the railroad trains have been engulfed by 
streams which during more than eleven months of the year carry not 
a drop of water. 

The jrreat souih face of Bcikwith Plateau, a point that runs off 
southward from the main mass of the Book C^liffs, looms up promi- 
nently on the north (right), as shown in Plate LXXXV, but in the 
other direction there is no prominent feature to attract attention; one 
can look southwest wurd across the adobe pinin as far as the eye can 
see and distin<;uish notiiinfy but the dim outline of the Henry Moun< 
tains, far away in the hazy distance. 

Six miles west of Greenriver, at milepost 561, the railroad curves 
to the north and follows the shale valley on the west side of the Beck- 
with Plateau. As the train goes around the curve the traveler may 
get on the left an excellent view of the east side of the San Rafael 
Swell, a great uplift of the rocks that involves all the geologic forma- 
tions he has seen on his journey and even the underlying granite in 
a large area in the middle of the uplift. The sedimentary rocks on 
the east side of this elongated dome have been sharply upturned, and 
the heavy beds of sandstone between the notches cut by the streams 



^ It was orijjinally pluune<l to locate 
the capital of Utah at Salt Lake City, 
but when the Territory was created 
in ISSO it was decided tliat tlie capital 
abould be more nearly in tlie center 
of the Territory. Tbe County of Mil- 
lard was therefore created, and on 
October 29, 1851, the '-ity of Fillmore 
was laid out as the capital, hoth the 
city and the county being named for 



Millard Fiilniore, iheu President of 
the Uuited States. A State lionse was 
begun but never finished. The legis- 
lature lield bnt one full s&mUm at Fill* 
more— tliat of 1655-66. Several sac- 
oeeding legislatures met there in order 
to comply with the law but did no 
business except to udjonrn to ^nU 
Lake City, which was finally made the 
cupitaL 
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have been left standing as great tables tilted to the east at an angle of t 

90^ or 40*^, wliich as seen from the train resemble the teeth of a gigan- 
tic saw. This line of tilted sandstone can be ft^owed by the eye for 
many miles, but in the distance it fades into the misty blue of the 
desert. The beds nearer the traireler are upturned less steeply and 
have not been removed by erosion, so they form a great swell, but 
even where the rocks lie nearly flat the streams have cut into them 
deep canyons, having nearly or quite vertical sides, which measoie 
hundreds or perhaps a thousand feet in height. The profiles are all 
angular; they are composed of straight lines; and when viewed from 
a distalu^ these immense pinnacles of rock resemble the ruins of 
some ancient city, and in imagination one can see in them the remains ' 
of temples, pyramids, columns, and arches standing in trrandeur amid 
the wreck of the structures of which they once formed a part. H«» 
one can not resist the temptation to let the ima^nation have fre« 
rein — to rebuild these ruins as wonderful habitations of ancient 
giants and to picture the dramas that may have been enacted in 
them. If the traveler is fortunate enough to see these ruins when the 
sun is just setting behind tlieir massive piles and suffusing their 
domes and pinnacles with great golden hulos he can readily uiuler- 
stand how a savage race micht liave here received the inspiration to 
build a magnificent temj le to the sun, which to our minds might 
rival the most wonderfid temples of the Egyptian kings. 

At the point where the railroad makes the turn around the lit ( k- . 
with TMateau it is at a considerable distance from the front of ihe 
plateau, but farther north it approaches the front more and more ' 
closely, until near the siding called Desert it is so close that the 
traveler may see, if the light is just right, all the delicate lines of > 
erosion that tlie rain has cut in the shale slope. 

The great anticline called the San Hafael Swell extends far to 
the north, and the rocks of the Book Cliffs bear the same relation 
to those in the anticline as the rocks of the Book Cliffs at Grand 
Junction bear to those of the Uncompahgre Plateau. The Book \ 
Cliffs west of Green Biver look different from those with which the j 
traveler is familiar east of it. East of Green Biver the rocks weather 
into many projecting points or salients of hard rock, and between ; 
these points there are deep notches or reentrant angles. In addition, 
the upper beds of sandstone have weathered back much farther than i 
the lower beds, but each layer is characterized by the same kind of 
salients and reentrant angles. The result of this form of weatherisfT 
is a front that is extremely irregular and jagged. West of Green 
Biver the front of the Book Cliffs is very regular; it diows no 
tendency to weather into long points. This difference is probably due 
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to the absence of streams and to the presence of a greater number of 
beds of sandstone in the west than in the east, as well as to the more 
massive character of these beds and to the greater dips which pre- 
vail in this part of the plateau, for all these characteristics would 
give a very different result in the forms produced by erosion. The 
Book Cliffs west of (iroen River are characterized by many bands 
of sandstone, which may be followed by the eye for long distances 
and which produce slight benches on the slope. A profile of a part 
of the front of the Beckwith Plateaa is shown in figure 55. 

A geologist accustomed to interpret the meaning of land forms 
eeee almost everywhere in these shale areas fragments of older sur- 
faces of the land, preserved in terraces and benches. Some of these 
remnants of an older surface were pointed out west of Grand Junc- 
tion and again near Thovpeon. West of Green River they grow 
HK>ze and more prominent as the traveler approadies the head of the 
stream. They stand at 
different heights ahove 
the present general sur- 
face, but commonly 
some particular ter- 
race—one that ranges 
in height from 50 to 
200 feet above the pres- 
ent surface — is more 
prominent than the 
rest. The old surface 
in this region was 
probabh' more nearly 
smooth and regular than the surface of to-day, and its slope 
^vas doubtless not so great as that of the present surface. After 
this old surface had been well developed, the lower country, though 
it showed considerable differences in elevation between the higher 
and the lower parts of its slopes, must have formed one general 
plain. Then came a change, either an uplift of the land or an in- 
crease in the rainfall. At any rate, the streams were able to cuta 
deep trenches in this old surface, and their work has been continued 
so long that it has left, here and there, only remnants of the once 
continuous surface, and these remnants are tiie terraces and benches 
that we see to-day. Terraces are very prominent in places west of 
Woodside, and the traveler may be interested in studying them, not 
as terraces but as remnants of that old surface. Indeed, he may be 
able in imagination to reccmstruct from them the old surface as it 
existed befwre the streams had cot into it and carved the valleys of 
to-day. 




riouBB B8.— PnfUe of fhmt of Beckwith Plateau. 
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The railtoad rises steadily until it readies a local snmniit at CBf 
siding, between mileposts 674 and 575, and then begins a rajnd d^ 

Boent to Price Riyer, the master stream in the norfli 

end of Castle Valley. This stream heads on the 
SSIi! 675 mitelr*' Wasatch Plateau, far to the northwest, and flows 

across the north end of the San Eafael Swell, be- 
yond wliicli it joins (heeu Kiver through a deep canycHi cliL in the 
Book Cliffs just north of the Beck^vith Plateau. The traveler may 
see the entrance to this canyon by looking ahead on the east (right) 
after passinfif Cliff siding. 

The line of Cottonwood trees that marks the course of I^rice Eiver 
may be seen lon^ before the train has reached the bottom uf the valley, 
and their soft ^reeu color is very refreshing to the eye that has been 
gazing on the barren expanse of desert just crossed. At Woodside 

the railroad cro^s Price River, which the traveler 
Woodside. unaccustomed to this region may not be willing to 

KievatJon 4,645 feet, call a river unless he remembei-s that most of the 
Dm^Mii^eL water it normally carries is withdrawn for irri- 
gation faitlier upstream, and then he may wonder 
that any water at all is left in it at Woodside. I 

For a distance of about 3 miles the railroad follows the east bank 
of the river through groTes of cottonwood trees and small irrigated { 
farms. Its course here lies near the west margin o f the belt of shale, and I 
the underlying sandstone (Dakota) and the red and green rocks of the ^ 
McElmo may be seen at many places across the river on the left- 
Near milepost 583 the river ceases to fallow the shale and swings in | 
from the west, where it has cut a deep and narrow caskjoa in tin i 
hard rocks across the north end of the San Bafael SwelL The rail- { 
road engineers sought to avoid this canyon by loHowing the broad 
valley that Grassy Creek has cut in tiie shale. This valley is the 
extension of the one that the train has followed ever since it left 
Green River. 

The valley was not formed by a downfold in the rocks but simply 
by the erosion of the soft Mancos shale. The traveler may under- 
stand this easily by looking at the higher rocks in the face of the 
Book Cliffs on the east and the lower rocks in the San Rafael Swdl 

on the west and noticing that they dip in the same direction — toward 
the northeast. From time to time us the traveler may be able to 
look ahead he can see that apparently the valley is filled and cut off 
by terraces that rise 100 feet or more above the level of the track, 
as shown in hgure 56. These terraces appear to bar the further pas* 
sa^je of the railroad, so it turns to the left a short distance bevond 
Grassy siding and climbs out of the shale valley. In making thi^ 
climb the road turns and twists about some of the barren shale hiii^ 
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U. 8. GEOLOGICAL SURVEY 



BULLETIN 707 PLATE LXXXVI 




A. HAND OF SHEEP. 

One of thn iin|iortniit industrios in this pnrt of IJtnh i-s shnop rniain^. The bands of sheep, 
puch iNind undrr the Kuidiince of u herder or Iwu, ruuffe from the low grounds of the 
desert in the winter and early spring to the highest ridges and plateaus in midsummer. 
Photograph by Frank H. Chirk. 




B. COKE OVENS AT SUNNYSIDE. 

The Sunnysido mine of the Utah Fuel Co. is not on the main lino of the railroad, but it is 
served by a branch which connects at Mounds. The cotd mined at Sunnysidc is the only 
coal in the Slate that will make commercial cuke. Photograph by Frank R. Clark. 




C. CLIFFS ABOVE HELPER. 

The cliffs of sandstone underlain by shale are striking features as the traveler looks up at 
them from Hel|)er, but when seen from the top they are equally interesting, for one can 
follow, with the eye, the various lieds and note the fonn sculpture of each particular 
layer. Photograph by Frank R. Clarke. 
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cuts through others, and finally, at Cedar siding, approaches the 
margin of the shale and at the same time attains the level of the 
great terraces that were so oonspicuous from points near Grassy 
siding. When seen from their own level these terraces are very 
extensiye and appear like a vast fiat plain. 




Cedar. 



FiQCAG 56. — Terraces at head of Graasy Creek valley. 

In the vicinity of Cedar siding the lower part of the shale con- 
tains many beds of sandstone and some conglomerate. This part of 
the formation thickens oonsiderably toward the south for 20 or 30 

miles to a place where it contains several valuable 
beds of coal and is known as the Ferron sandstone. 
DenVer 594 nSte^**' About a mile west of Cedar siding a sharp upward 

bend of the rooks terminates the outcrop of the 
shale and brinfrs to the surface the Dakota sandstone and, underlying 
it, the maroon and careen beds of the McElmo. The railroad at this 
point is on the bank of a creek called Sunnyside Wash, and it fol- 
lows the valley of this stream to the north until near milepost 600 
the railroad ])asses from the varicolored beds of the McElmo into a 
broad, flat valley cut iu the Mancos shale. 

On the right may be seen the branch line of the Denver & Rio 
Grande Western that leads to Sunnyside, one of the larjrest coal 
mines in the district and the only one that produces a merchantable 
quality of coke.'^^ Plate LXXXVI, /?, shows the coke ovens at Sun- 
nyside. Tlie two lines run nearly parallel for some 
distance but finally unite at the station of Mounds. 
(See sheet 9, p. 232.) To the casual traveler the 
country over which he has been riding, as well as 
that which he can see about Mounds, probably appears to be bar- 
ren and valueless, but should he pass this way In sheep-shearing time 



Mounds. 

ElevatlOD 5,442 feet. 
Draver 608 mQea. 



"The following description of the 
mines at Sunnyside Is given by Frank 
R. dark, wlw baa made a eaxeftti geo- 
logic nirvey of the region: 



Coal has been mined at Stinnyslde 
since about 1900. town, mine 

tlpptei and coke ovois an In fbe montti 
of Wbttmore Oanyon at the end of the 



Diyiiizea by Google 



212 GVIDBBOOK OF THE WISTBBH UKTCED STATES. 

and have a few hours to exwm'mp the shrarinfr plniit which stands 
just north of the station, iw nii^rht change his mind, for this is the 
center of a large sheep inchistry. It is said thnt KKi.ooo sheep were 
sheared at this plant during the season of 1016 and that many she^ 
were turned away. 

It must be remembered, however, that the sheep sheared here do 
not depend upon this immediate vicinity for their pasture, for the 
sheep herder wanders with his flock during the summer into the 
high country of the San Kafael Swell (see PI. LXXXVl, A) and 
in the winter seeks the protection of the lower valleys The sheep 
would soon starve on a small area, but there is much open range- 
that is, unfenced Government land — in this country and by Ganstant 
migration the sheep do well. 

From the vicinity of Mounds the traveler may see that the Book 
Cliffs, which he has been following, continue northward only a few 
miles beyond the mine at Sunnyade, which generally can be located 
by its smoke^ and there swing to the northwest to the head of Price 
Siyer, near Helper, and there again change their coarse to a direc- 
tion a little west ci south — that is, they encircle the north end of 
the San Bafael Swell. The name Book GliffiB, however, is applied 
only to the part that lies east and north of the Denver ft Rio Grande 
Western Railroad; the part that lias south of the railroad is known 
as the edge of the Wasatch Plateau. All these features can readily 
be seen from the train in the vidnily of Mounds* 



Suntiyside branch, about 18 miles east 
of Mownds. Two beds of bituminous 
coking ronl, *5epHratP'l by r> to 25 feet 
of sandstone and shale, are rained here. 
The lower and thicker coal bed ranges 
in thtrkneiw tnm S to 14 feet and the 
upper bed from 8 to 6 feet 

Mine development has t>een rapid 
nnd continuous sinre the heprinninjr, 
and now the worlcing^ cover several 
square miles. An electric plant fur- 
nishes power for hoists and hauling 
moton, and Ugfat for town and minea 
Power is also carried by a hlgta-voltase 
line eastward over the monotalii into 
Range Creek, a distance of 5 miles, 
where it drives pumps which deliver 
all the water used at Snnnj^ide for 
domestic purposes and for steam boil- 
en. The daily output ot the mines 1b 
about 2,500 tons of ooal, most of which 
Is converted into coke ta beehive ovens. 



The coke and coal are hauled by 

"locals " from thp mffic? to TTflpor, 
where thniugli freight trains arr- made 
up. Most of the coke from Sunny side 
is shipped to the anelter at Anaconda, 
Mont 

The coal at Snnnyiride ana Chrom^' 

(lit the Book Cliffs has been generally 
burned fit the ontcrop, prwiucinj? a 
reddish color in the associated rocks. 
The burning has advanced inward 
along the coal bed at many points for 
more than 1,000 fieet and beneath 
1,000 feet of overlying materlaL Tlie 
mine workings at Snnnyside have in 
several places surrounded the burned- 
ont areas, thus showing the extent of 
the burning. The fire has penetrated 
the coal farther on the points of ridges 
between drainage dianneia than It did 
where the ooal ontcrap ctossee the 
stroun coiWNBi 
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Just west of Moundfi curious hard masses of rock which on ac- 
count of their nearly spherical shape are frequently referred to as 
^ cannon balls'' may he seen in the shale that forms the cut edge of 
one of the terraces. These round masses gf rock are known to 
geologists as concretions,** and they were undoubtedly fonned in the 
shale after it was deposited as mud in the bottom of iJie ocean. 

From the uplands at Mounds the road descends westward to Price 
Biver, which it reaches at milepost 607. Here the traveler is once 
more gladdened by the sight of green trees and small irrigated farms 

in the river bottom. The valley becomes rather nar- 
Facnliam. Famham the bluffs of shale encroach 

S;7^^^''^^el'*^ closely upon the river bottom. The shale hills are 

gray and barren, but they form a background that 
serves to heighten the color of the fields and trees. 

From Farnham the railroad follows Price River practically to its 
head. Irrigation is generally practiced in the valley, but the supply 

of water is not sufficient to serve all the land that ia 
WeDinstoB. otherwise favorably situated. Towns have sprung 
Eierstioii 5.415 fMt alonc the railroad and are achie\dnff more or 

ropuIatloD 534 

I)eaTerei4 mile*. less SUCcess. The next town to be passed is WcllinjET- 

ton, whicli apponrs to be a thriving village, whose 
most prominent building is a modern schoolhouse. 

Northwest of Wellington the valley is more open, and well-irri- 
gated farms are abundant. The country on both sides of the river is 

served by canals that take tiieir water from the river 
Price. several miles above Price. Price is the county seat 

EleTfttion 5,546 feet, of Carbon County, which was so named because of 
JJ2nlrlSn*ki great beds of coal that are found in the Book 

Cliffs. It is a general supply point for the ranches 
in Duchesne Valley, north of the Book CUffs, and in Castle Valley, 
south of them. 

For a distance of 4 miles above Price the course of the river is 
southeastward and its bottom lands are fairly wide. The railroad 
is in this bottom and affords good views on both sides of the best 
part of the irrigated district. From this open valley the traveler may 
see the shale terraces extending toward the river from both sides, hka 
long fingers, and at milepost 623 they approach so closely that the 
river flows in a veritable ahale canyon, with steep waDs on either 
hand that rise to a height of nearly 100 faet. 



*The origin of concretions is uot 
well understood, but they nre supposed 
to be due to tbe collecting together iii 
tbe mod of certain mineral particles. 
In mach' tbe nine manner as the 
moleealM of a mtneial antte to form 
•—22 IS 



a crystal. Oimcretiori'?, however, are 
^irenerally rounded, or at least they are 
without sharp corners or straight 
8ldeB» tfaongh they may take on a 
varied of fonna, some of which axe 
yety complex and lantaatlc. 
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At this point the river also changes its course, coming out of the 
Book Cliffs in a course nearly due south. The valley^continues nar- 
row, with shale bluffs and a narrow strip of irrigated bottom land. 
Just beyond milepost 625 a branch line on the east (right) leads to 
Kenilworth, a mining town that produces a notable part of the coal 
shipped from this region. About a mile farther north, in a vallej 

so narrow as scarcely to provide room for a single 
Helper. street, is the railroad town of Helper, which was so 

BieTati<mB,S40fe«t named because here are kept the liirht encrines that 
Denver 627 miles. serve the rcf^ular trams as " helpers " up the heavy 

grade north of the town. The town is at the mouth 
of the canyon that Price River has cut in the plateau of which the 
Book Cliffs are the front. These ( liiis loom up 1,500 feet above the 
station and seem to interpose a blank wall against the further 
progress of the railroad, but like many other things in this world 
their appearance is deceptive, for the railroad has succeeded in fol- 
lowin<r tiie stream through the narrow cleft. A view of the cliffs 
from above is shown in Plate LXXXVI, C. 

The canyon above Helper shows at close range the character of the 
coal-bearing (Mesaverde) formation. The lower part of the cliff 
overlooking Helper is composed mainly of shale (Mancos), which 
originated in the sea and therefore contains no coal. The rocks above 
this shale are mainly sandstones, but there are also many beds of 
shale, and in places there are coal beds, which range in thicloiess from 
a few inches to as much as 20 feet. An old prospect in one of the thick 
beds is shown in Plate LXXX, B (p. 195). The coal beds, however 
thick they may be, can not generally be seen from the car windows, 
for they are the softest members of the formation and consequently 
weather back faster than either the shale or the sandstone, so that 
their outcrop becomes covered with soil and broken rock. Sandstone 
makes up the greater part of the formation, and its general color is 
light gray or nearly white. It has been described as red, but this is a 
mistake, as the formation contains no red sandstone, though a ledge 
on weathering becomes a rusty brown, or if a cos! bed below it has 
been burned it may have become a hri|^t red, but these are not the 
inherent colors of the sandstone.'^ 



"The follouinir description of the 
coal beds and the associated rocks in 
the vicinity of Castlegate is given by 
Frank R. Clark: 

At the moath ef Price Blver canyon 
neaily vertlcsl dlffiB of sandatone 
and shale rise 1,000 feet aljove 
the river bed. These cliffs nre capped 
by beds ot sandstone tbat iotm. tlie 



lower part of tho Mesaverde forma- 
tion. Tho be<ls that couii>ose the cliffe 
were laid downa in fresli water or on 
the land. They rest upon soft dark 
shale (Mancos) » which was laid down 
in a shallow sea that covered moet of 
the counti-y. The line between these 
formations is generally drawn at the 
base of the heavy ledge-making sand- 
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Half a mile above Helper a branch railroad turns back to the left 
up Sj)riiirr Canyon to coal mines at Storrs, 'Standardville, and other 
towns where mines have recently been opened, and about 2 miles above 
Helper the Utah Railway, a new line built to i-eplace the one from 
l^rice to Hiawatha, connects the mines at 
Hiawatha, Mohrland, and Wattis with 
the Denver & Rio Grande Western. 

The scenery in Sprinfz; Canyon, as in 
many others on the road, is dominated 
by great sandstones. This dominance is 
shown particularly Ijy the narrowness 
of the canyon. Where the base of the 
cliffs is composed of shale the canyon 
is wider, as can be seen in the first 2 
miles above Helper, but where the can- 
yon walls are composed largely of sand- 
stone, as they are farther up, tiie canyon 
is narrow, barely affording room for the 
automobile highway, the railroad, and 
the rivejr. The walls of the canyon also 
show the effect of the different rocks; 
where they are mainly shale they have a 
pronounced slope, but where they are 
mainly sandstone they are precipitous 
and in plaoes vertical. Each spur that projects into the canyon is pre- 
served by heavy sandstone, and therefore the characteristic feature 
of the canyon is the many sandstone points which stand up like walls 
or dikes. 




Vertical scale 



FiouuK 07. — Geologic section at 
CaiUesatA, 



Stono or }it t\\v top of tho main mass 
of marine .shale. The upper part of 
the Mancos .shale iu I'riee Uiver can- 
yon contains neveral prominait beds 
of sandstone (see fig. 57), whicb wedge 
out toward the east The lowest of 
these beds crosses Price River about 
a miles below (south of) Helper, and 
the ui)i>er one crosses the river about 
midway between the town of Panther 
and the tipple of the Panther Coal Co. 

The MesBverde contains several coal 
beds which differ in thickness from 
place to place but where thickest are 
of great value. Coal is mined on a 
larjje scale along Price River canyon 
and its tributaries at Kenilwortii, 2^ 
miles east of Helper ; Panther, half a 
mile south of Castlegate; Castlegate; 



Cameron, miles northwest of Castle- 
gate; Storrs. 3J miles northwest of 
Helper; Standardville, 4i miles north- 
west of Helper; and Hiawatha, 13 
miles southwest of Price. The coal at 
Castlegate was formerly coked, but as 
the Sunnyside coal proved to be better 
adapted to coking, the Castlegate cok- 
ing plant was abandoned. Three coal 
l)e<ls are mined at Keuilworth. The 
upper and lower ones are 18 to 29 feet 
thick, and the middle one is 4 to 6 
feet thick. 

The Castlegate group includes four 
coal beds, which differ greatly in thick- 
ness from place to place Imt are locally 
minabla At Cameron the coal does 
not come to the surface but is reached 
by a eicpe. The two beds that are 
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As the coal beds occur well up m the Mevsaverde formation, they 
lie near llie t<»i)s of the ridges at tlie mouth of the canyon, and the 
coal mines here must lower the coal by lon<T inclined tramways to 
the tipplej* which is at railroad level. This form of handling the 
coal is well illustrated at the Panther mine, near niilepost 629. Far- 
ther up the canyon the coal beds He neai-er the creek level, and they 

finally pass below water level and are seen no more. 
Castlegate. The most prominent mine and minmg town on the 

Elevation «. 120 feet, main line is Castlegate, at the mouth of Willow 
xi^BYereaooiiM. which enters the main stream from the east 

(right). The mines are on both sides of the valley 
a few rods above the mouth of Willow Creek, and the coal taken 
from them comes to a common tipple, which spans the railroad at 
this place. 

The name Castlegate was taken from that of the peculiar gate- 
like passage 2 miles above the town, the sides of which seem to be 
walls or dikes of sandstone projecting from the sides of the canyon. 
When viewed from a point directly opposite it the rock wall on the 
right looks like a thin finger, as shown in Plate LXXXVII, but 
when seen from a point farther up the canyon the walls on the two 
sides seem to project so far into the canyon as almost to obstruct it 
and to bar the railroad from further progress* This aspect of the 
gateway is shown in Plate LXXXVIII. As a matter of fact the two 
walls are not directly opposite, though this fact is not indicated in the 
illustration, but are offset a considerable distance, so that the opening 
is not so narrow as it appears. It is, however, a striking feature of 
the canyon ami well deserves the name " Castlegate."*' The spurs that 
form the gate are not the only projecting ledges of sandstone, for each 
point or spur, whether it is at railroad level or high on the mountain 
side, is bounded by great cliffs of gray sandstone hundreds of feet 
high. 



mined are probably part of the Gaatle- 
gofte group. On the nortli side of the 
river, at Cameron, a massive sanrl- 
stono crops out in a vertical clifT about 
450 f»'Pt high. This «anilstorie is lo- 
cally known as the Castlegate " reef " 
and crops ont tor many miles from east 
to west (See Pis. LXXXVII, O, and 
LXXXvril.) Tbe sandstone graA- 
ually become thinner toward the east 
and at Siinnyslde is only abont 150 
feet •thiclc. 

Tlie section shown in figure 57 in- 
cludes the rocks exposed from the di- 



venslon dam on Price Bivet 8 miles 
south of Helper to the Castlegate 

"reef" sandstone at Cameron. 

"The term "tipple" Is applie^l in 
the s'oft-coal re^^ions of the T'nittnl 
States to tlie platform or build iug tm 
wbidi the coal Is detlvered fkom the 
mine. The tipple generally stands weU 
above the railroad so that when the 
(■(uil is dumped from the mine cars it 
descends by gravity throufih scn>Pns" 
and is thus sorled into dilTortnit sizes 
or grades before it reaches the railroad 
ear in which It Is shipped to market 
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A. INCLINED NORMAL FAULT. Ji. VKUTICAL NORMAL FAULT. 

r 

DispIaciMncnt, 8 or 10 foci. As th« DLspluccmfMil, 60 or BO feel. Pliolo- 

[ surface is not olTset l>y the fiiiill the craph hy M. A. Pishel. 

rnovciiioiit must liiive taken place 
1 lonj; bffore the proserjt vsilley waa 

cut. I*hotoj;rai)h by I). 10. Winchester. 




C. CASTLEGATK, SinK MEW. 

The snndslone pillar on the east (riffht) side of the canyon. From this point of view it appears 
like a slender tower of the native rock almost ready to fall from the vil)ration of the imssinK 
trains, but when looked at from the north after having passw-d thruuph the "KH'e" ibe picture ia 
different, ua sihown iu Hate LXXXVII I. Photograph by Shiplcrs, Salt Lake City. 
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Throughout the mam part of the canyon the railroad climbs steadily 
in order to cross over the top of the AVasatch Plateau. For about 10 
miles out of Helper the grade is 127 feet to the mile, and thoufrh such 
a grade is not excessive it necessitates the use of extra engines on some 
of the heavy trains to get them to the summit. 

Northward the canyon gradually grows less and less rugged and the 
walls decrease in height until just above the first tunnel, IJ miles above 
Nolan, the thick ledges of vsandstone give place to weaker beds of 
muddj sandstone, shale, and fresh-water limestone. Although these 
beds are in general gray, they belong to a different geologic forma- 
tion from that wliich carries coal beds at Castlegate. This forma- 
tion, the Wasatch,^' which appears just above the first tunnel, is gen- 
erally red, and in many places it is very coarse, but here it is light in 
color and is composed of fine material. Where the less resistant rocks 
form ttte surface the slopes become smoother and less steep and the 
general aspect of the canyon is much subdued. These gray beds 
continue to a point about half a mile above the station of Kyune. 

The upper part of the Wasatch is composed mostly of red clay or 
shale and appears to contain only a few bieds of sandstone. Some 

of these beds have been quarried extensively above 
Kyme. Kyune, where this part of the formation first makes 

Slaver e^ mu^^^^^^^ appearance. As the upper part of the Wasatch 

formation in this locality is composed largely of 
soft material, the slopes are gentle and the immediate hills are 
low. Here and there a harder or a thicker bed appears at the 
surface, and at these places the valley becomes more like a canyon. 



**Tbe Waeatch formation was one 

of the first to be laid down In the 
Tertiary period. At tlie beginning of 
this period there was a wide uplift of 
many niountuiu ranges, und as soon 
aa these ranges attained considerable 
height above flea lerel they were Tig- 
onnisly attacked by stieama, which 
rolled great boulders down the steep 
slopes and depdsited tlieni :tt the foot. 
The finer material was carried awny 
from tlie mouiitaiu.s by the streams, 
as similar material is to-duy carried 
ter away from the place where it 
originated, and was distributed over 
the fairly eren surface. As water 
tends to drop coarse material first, tlie 
boiiuiers, g^ruvel, and sand were 
drupi)ed near the mountains, but the 
Clay was carried farther ofL", and 
Anally all the earthy material found 
a resting place on the soiface of the 



land or at the bottom of a lake. Such 

a lake probably existed in the Castle- 
gate rejrion, and in It were deposited 
the fresli-water linjcstones and siiales 
which in this region constitute 700 or 
800 feet of the lower port of the for- 
matl<ni. 

From the very mamier of its origin 
and mode of transportation the Wa- 
satch formation varies greatly In its 
composition, which dei>end.s upon the 
source of its niat*'rial and tlie distance 
to which it has been carried. Such 
dliferences will be seen by the traveler 
long before he reaches the end of his 
journey. One feature of the Wasatch, 
however, is remarkably constant — its 
red or niaroon (•(•lor, which 5s eiiar- 
acteri.stic of ihe lorniation generally 
tliroughout the Kocky Mountain re- 
gion and is the most rdlable means 
by which It can be identified. 
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The railroad follows the boundary between the gray and the red 
parts of the Wasatch formations for some distance above Kymie, 
cutting in places into the gray beds and in places into the red ones. 
A short distance west of milepost 648 the railroad leayes the red 
beds and for a mile it traverses the light-colored limestones and shales. 
In these rocks the stream has cut a canyon, which bears off to the 
southwest On rounding the point of the spur that projects from 
the north the traveler comes into an open valley that trends north- 
ward, and on the farther (west) side of this valley lie the bright-red 
beds of the upper part of the Wasatch formation. These beds are 
broLiglit down into view again by a northward-trending fault, which 
has cut the rocks for a long distance on either side of the railroad and 
has dropped those on the west side ;it least 2(X) feet. This fault, which 
passes a few hundred feet east of the station at Colton, has caused 

the formation of the north-south valley. From 
Oolton a branch railroad extends southward up 
the valley of West Fork to the towns of Scofield, 
Denrer 04fi mii«fl. Winterquarters, and Clear Creek, where coal of 

about the same quality as the Cnstlegate coal is 
mined. The surface of the plateau, being composed of soft rocks, is 
not rugged, and it does not seem to be very higrh, yet severtil points 
near Colton stand nearly iu,000 feet above sea level. The plateau 
is a fine summer range for stock and a^tords pasturage for thousands 
of sheep. 

From Colton the railroad runs up a broad but short valley in the 
Wasatch formation to the crest of the plateau at Soldier Summit, 

where the main line of the Denver & Rio Grande 
Soldier Summit. "^Testern Kailroad reaches its highest point in the 
SS^wa'^.i.'*^' State of Utah. The summit of this pass was so 

named because some soldiers under Gen. Albert 
Sidney Johnston, who were returning from the Salt Lake Valley 
at the end of the ^ Mormon war," were buried here. A brief account 
of this ^war," taken almost wholly from Bancroft's "History of 
Utah," is given in the footnote/* Becentiy the railroad company has 
built an eztensiTe yard on the summit to facilitate the movement of 
freight. 



"The so-cfilled Morraon war** was 
the result of friction and misunder- 
standing between the Federal judges 
and other officers of the Territory of 
Utah and tbe Mormon people. Aa the 
Mormons had settled here before the 
region had passed Into the hands 
of the United States, and as they had 
increased greatly in numbers, they 



thought they should be allowed to 
conduct their uflfnirs as they fsriw fit. 
Accordingl.v the legislature of tiie new 
Territory proceeded to pass laws that 
were acceptable to the chnrch hat that 
were apparently obnozloiis to some of 
the Territorial ofBcers. As the Mor- 
mons regarded the Federal officials as 
"carpet baggers" there was inczeas- 
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On approaching the summit the traveler may notice on the north. 

side of the valley, only a short distance from the track, a mine at 
which considerable work has been done. This mine, as well as one 
north of Colton and some others on the west side of Soldier Summit, 



ing Ul feeling on both aides. On one 
occasion the records of the United 

States district courts were taken from 
a judge's oftice during his absence and 
a boiittre was made of his books and 
papers. He of course supposed that 
the records were also consumed and 
so made affidavit on his return to 
Washington. The lecords had, in fact, 
been removed and were in safekeep- 
ing; but fills escapade of the mob was 
noised abroad with many, exaggera- 
tious and excited much unfavorable 
comment. 

After several years of IHctton no 
Gentikfi conld be induced to ace^ 
oflke in a land where, according to 
common belief, tliey could perform 
their duties only at the peril of their 
lives. Bancroft sums up the situation 
as fbUows : 

"It was now estabUehedt as was 
sopposed, on sufficient evidence, that 
the Mormons refused obedience to 
Gentile ^n\y. that Federnl offirijils had 
been virtually driven from Utah, and 
that one at least of the Federal judges 
had been threatened with violence 
while his conrt wss in session; and 
that the records of the conrt had been 
destroyed or concealed. With the ad- 
vice of his cabinet, therefore, and 
yleldinL' perhaps not unwiliirifjly to 
the out(:i".v of the Republican party, 
President liuchaiian determined that 
Brlgham Young should be superseded 
as governor, and that a force should 
be sent to the Territory, ostoisibly as 
a posse comitatus, to sustain ilie au- 
thority of his sucep-asor." 

In July, IS."*?, Albert Gumming was 
appointed governor and at about the 
same time a force of about 2,500 men 
was sent from ¥^rt Leavenworth to 
pat down tlie rebellion In Utah. This 
anny was harassed by a band of Mor- 



mon forces, and when it reached Fort 
Bridger, Wyo., late in the autumn, 

found itself with supplies sufficient 
oidy to carr>' it 1 trough the winter 
and without stock to transport its 
equipment into Utah even if the way 
had been open. The commander. Brig. 
Qen. A. S. Johnston, decided that noth* 
Ing conld be done until the next sum- 
mer, so he went into winter quarters 
near Tovt T^rid-jrer. 

Durin-^ this unexpected delay Presi- 
dent liuchanan was persuaded by Ool. 
Thomas L. Kan^ of Philadelphia, a 
Mormon amipath}ser, to send him as 
a commissioner to Utah to investigate 
matters and see if a peaceable settle* 
nioiit could nut be effected. Kane 
readied Salt Lake City in t^ebruary, 
1S5S, and arranged a general confer- 
ence, which showed that most of 
the charges were without foundation. 
When matters reached this happy 
stage of adjustment the new governor 
was sworn in, the President's procla- 
mation of amnesty was read through- 
out the Territory, and it was agreed 
that the army should enter Salt Lake 
Valley without molestation. 

In accordance with this agreement, 
Oen. Johnston with his command en- 
tered the valley by way of Kniigration 
Tanyon on June 26, 1858, and marched 
to C'edar Valley, 6 or 8 miles west of 
Utah Lake. Here he established a 
camp, which he named Camp Floyd. 
Gen. Johnston left Utah In March, 
1860, and the next year was given a' 
command in the Confederate Army. 
The soldiers under Ids command were 
sent in parties to other camps as the 
threatening cloud of rebellion grew 
blacker, and it was smne of these par- 
ties that followed the trail eastward 
over Soldier Summit and gave it its 
name. 
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were opened on veins of ozokerite,^* but the operators have had dif- 
ficulty in competing with ozokerite shipped into this country from 
Galicia. and the mines have never been fully developed. 

As ori<:inally built the railroad on the west side of the divide fol- 
lowed Soldier Creek from its head to Thistle, where the creek 
joins Spanish Fork. This route made necessary the e\ce]^tionally 
steep ^rrade of 4 per cent, or 211 feet to the mile. The operation of 
the road over tliis .steep <rrade was very expensive, for three or four or 
even five locomotives were required to fret a heavy train from Thistle 
to the summit. Recently the railroad company has abandoned this 
steep grade and has constructed an entirely new line which begins at 
Soldier Summit and extends westward for a distance of 15 miles. 
The new line has a grade of 2 per cent, or 106 feet to the mile, and 
one locomotive can haul as many cars on it as three locomotives could 
haul on the old line. The new line also gives the traveler a much 
better opportunity to see the surrounding country than the old line, 
which ran in the bottom of the valley. 

The rocks exposed in the numerous cuts on the new line are gen- 
erally red or at least are banded with red. These red rocks are the 
continuation of those that were seen about Colton and are undoubt- 
edly the upper part of the Wasatch formation. The rocks dip to the 
north (right) at about the same angle as the slope of the mountain 
side, but the rocks across the ravine on the north side of the old line 
of the railroad are very white and carry no trace of red material. It 
is therefore fairly evident, as shown in figure 58, that the rocks 
in the cuts along the new line belong to the uppermost beds of 
the Wasatch, and that the white shale and sandstone across the valley 
are in an overlying formation which geologists have named the Green 
River formation, from its wide distribution in the Gfreen Biver Basin, 
Wyo. This formation is especially prominent at the town of Green- 



''Osokerfte, or mineral wax, Is a 

mixture of various hydrocarbons, gen- 
erally supposed to belong to the paraf- 
fin series, ir varies in color from 
black or dark brown to light yellow, 
but Bome specimens are greeniBb. It 
may be as soft as tallow or as bard as 
gypsum. The lighter-colored varieties 
yield the largest amounts of cerasin, 
which is the refin«tl prtKluct. The 
melting point ol o/,okerite is consider- 
ably above that of commercial paraf- 
fin. It occora in fissures in the rocks 
and is thov^t to have been deposited 
from petroleum that formerly circu- 
lated tbroogb tbese flssores. Tbe de- 



posits are of dlfCerent tiiktaiess, ran^' 
in^ from mere films to masses nearly 

3 feet thick. 

07:okerite is usetl extensively for in- 
sulutinj; electric conductors, for mak- 
ing candles, for adulterating beeswax, 
as a foundation for dOier waxes and 
polishes, to protect metal surfaces, and 
for making wax figures and wax dolls. 

It is reported thut theUtnh flekl has 
prodneefl 750,(Kj() pounds since 1886. 
but tills amount is iDSignificant when 
compared with the annual imports, 
which from 1910 to 1920 have ranged 
from 900,000 to more than 8,000,000 
pounds. 
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river, on the Union Pacific Kailroad, and forms the picturesque buttes 
back of the town. 

The formations in this vicinity are the same as those that the 
traveler saw in Grand Valley, Colo., between Rifle and De Beque — 
variegated Wasatch shale at the base and white shale of the Green 
River formation above it. (See p. 148.) 

At the siding of Scenic, 5 miles west of Soldier Summit, the trav- 
eler may look down on the north (right) and see not only the old 

line of the railroad 439 feet below him but also 
the loop over which he will pass in a few minutes. 

difference between a 4 per cent and a 2 per 
cent grade is here brought out clearly, even to 
those who are not familiar with the engineering problems of rail- 
road construction. Two miles farther on the road makes a broad 




Green River 
fommtion 

Wasatch 
formation 
MesBverde 

formation 

FiocBB 58. — Section at Gilluly, showing relation of the northward-dipping red Wasatch 

to tliie wklte GrcMi Rirer formatton. 

loop to the right, still in the Wasatch formation, and returns along 

the mountain side at a lower level. A reverse 
^^"^^ loop is made under the old roadbed at the station 

SSTweei'SSir*' Gilluly, and from this point down through the 

canyon the railroad follows the right wall, but 
far above the level of the old line. 

The rocks which form the mountain side above the tracks and 
which have been deeply cut in order to provide a roudbed are all 
in the Green River formation. Thev are naturally dark, but on 
weathering they turn intensely white. Experiments have shown 
that oil in commercial quantity may be distilled from many beds of 
this shale, and it is possible that gasoline and other grades of oil, 
as well as fertilizer, may some day be extensively manufactured 
here." 



" As stated on p. 149, the Greeu River 
*hA]e Is conttnnons nortli of the tail- 
imd ttom Rifle, Oolo., to Soldier Sum- 
nilt, Utah. Tile beds from wbich oil 

niay bp distilled are not 8o thick In 
as In Colorado, but recent work 
done in this region by D. E. Winches- 
ter has shown that a great quantity of 



this shale is available in Utah and that 
it may yet be a valuable source of 
petroleum wben the fields that are now 

productive approach exhaustion. The 

white shale which occurs at Soldier 
Summit will yield on distillation at 
least 16.8 gallons of crude oil to the 
ton. 
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Where the Green Biver f onnatum is first seen it dips to the norUi 
(right) 26^* or 80**, hut hejond the curve to the right, above the 
ftbsndoned station of Tucker, on the old line, the beds are somewhat 
disturbed, and between mileposts 663 and 664 they are thrown into 
a weU-marked qrnclinal fold, which may be seen on the rights 

The siding of Detour marks tlie junction of the old and new lines 
and also the termination of this narrow part of the valley. Below 
Detour the valley is more open, at least as far as Narrows siding, 
where it is again constricted by the appearance of harder rocks. 

Immediately below Narrows siding the lowest beds of the Green | 
River formation rise downstream, and half a mile beyond milepost ' 
672 the red beds of the Wasatch make their appearance beneath the 
gray beds of the Green Kiver. The Wasatch is bright red, and the 
change in color is very striking. Tliis out<?rop of the Wasatch is 
very different in composition from that east of Soldier Summit. 
There it is generally clay or soft shale; here it is largely a mass of 
conglomerate coni])osed of boulders of all sorts of rock that occur 
in the Wasatch Mountains. The presence of such masses of con- 
glomerate made np of boulders of this size is a sure indication that 
the material was derived from high mountains and that it was not 
carried far by the streams before it was dropped to form great 
boulder beds that now are consolidated into massive rock. Tt there- 
fore seems certain that a high range of mountains once existed in 
this region when the Wasatch formation was deposited in the early 
stages of the Tertiary period. This range must have been old as 
measured by the standard in this mountain region, whereas iha 
present Wasatch Range is supposed to be comparatively young. 
These statements, however, are not so contradictory as they appear, 
for most mountain ranges have a complex history, invoMnis^ many 
movements up and down, and the Wasatch may not be an ezception. 
It may have had its beginning as a mountain range in early geologic 
time, but that c^ld range may have been worn down to a rolling plain 
and later it may have been uplifted into a range like the present 
Wasatch. In fact, such changes may have occurred several times. 

The conglomerate has been a formidable barrier in the pathway 
of the stream, and it therefore forms a canyon wlueh is seuoeLy 
wider than the stream that occupies it and which has given rise to 
the name Narrows" for the siding at its upper end. The con- 
glomerate is 700 or 800 feet thick and forms the sides of the valley 
for several miles. The character of the rock, as well as its brilliant red 
color, gives to the canyon an individuality that distinguishes it from 
all the other canyons on the line. 

Soldier Greek flows directly west, and the railroad takes a course 
toward a high mountain peak, one of the southern points of tiie 
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Wasatch Bange, which lies due west of Thistle. The most Boutherly 
point of this range is Mount Nebo, a peak which lies so far to the south 
(left) that it is obscured by the low hills in tiie foreground. 

The appearance of the valley improves in its lower course; more 
of the ground is irrigated, and there are indications that the train is 
approaching a town or a railroad junction. Just before reaching 
the station at Thistle there is a complete change from the soft rocks 
of the Wasatch formation to the hard blue limestone and red and 
gray sandstone of the Jurassic system, which form a decided con- 
striction in the width of the valley. 

The railroad turns abruptly north and is joined at Thistle by a 
branch line which traverpes the rich Sanpete Valley and extends as 

far south as Marysvale. This valley was early 
settled by Mormon families sent out from Suit 
Lake City by Brigham Young for that purpose, 
and in 1849, in order to protect these outlying set- 
tlements as well as those in the Salt Lake Valley, 
the State of Deseret was organized. The organizers passed through 
much the same experience as those who attempted to organize the 
State of Jefferson in what is now Colorado, but their motives were 
obviously quite different. The State of Jefferson was organized to 
protect the people and their property from the lawless hordes that 
would be attracted to the country by the discoveries of gold, whereas 
the State of Deseret was organized to protect and strengthen the 
Mormon Church by having the machinery of government controUed 
by the dignitaries of the church.^' 



Thistle. 

Elevation Tt.oaa feet 
Population 417. 
OenTer 681 mllco. 



"Thp word " Dfserot " is taken from 
the Book of Mormon and means honey- 
bee. It is written in the Book of 
Ether of the people who came over 
the great water from the old world to 
the new: ''And they did also carry 
with them ' deseret,' which, by In- 
terpretation, is a honeybee." The 
honeybee, or rather the beehive, is one 
of tiie important symbols of the Mor- 
mon Ghurch, and the word " deseret " 
to need as the name of the moat in- 
fluential diureb newspaper, tbe Des- 
eret News. 

"Bancroft, in his History of Utnh 
(pp. 439-440), describee the situation 
as follows : 

"Until the year 1849 tlie Mormons 
were entirely under the control of their 
ecdeslasfclGSl leaders, regarding the 
presidency not only as their spiritual 



head bnt as the source of law in tem- 
poral matters. Disputes were settled 
by the bishops, or, as they were also 
termed, magistrates of wards, ap- 
pointed by the presidency. Thebrotlier* 
hood discoontenahced litigation, but 
the p(^ulation did not entirely conrist 
of members of the church. There was 
already in their midst a small per- 
centage of Gentile citizens gathered 
from nearly ali the civilized nations of 
the earth. It was probable that, as 
the resources of the territory were de- 
veloped, this number would inoease 
in neater ratio, and it was not to be 
expected thnt they would always re- 
main content without some form of 
civil government. Not infrequently 
litigation arose among the Qentiles, or 
between Mormon and Oentlle; and 
thoui^ strict Justice may have been 
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Soldier Creek, which the railroad has been following from Tucker, 
is liere joined by Tliistle Creek, and t(i;_'-ether the two strennis form 
the Spanish Fork. The canyon at Thistle is narrow, and its walls 
are composed of bluish limestone on the east and banded red and 
pray sandstone or qiiartzite^* on the west. The bine limestone con- 
tains marine sliells which show that its a fie is Jurassic. It normalW 
belon^rs benoatli the Cretaceous rocks, which are so conspicuous along 
the railroatj from Green River nearly to Kyune. Near Thistle 
the rocks dip steeply to the east, but toward the north the dip de* 
creases until they lie nearly flat. They also change in character, 
for they become much softer domstream and aoe composed almost 



dniK^ by the bishops, it wan difficult for 
the latter to believe tttat such was the 
caaa * • * The Saints xesanled 
tfielr courts as divinely commissioned 
and Inspired tribunals; but not so the 
Gentiles, by whom reports were frooly 
circulated of what they termed the 
luwieij^s oppresision of the Mormons. 
Thus it became advisable to establish 
for the benefit of all smie Judicial 
antborfty tbat could not be quostloiied 
by any, wliether members of tbe 
churcb or not, and this authority must 
be one tiiat, being recognized by the 
0(»vornmeur of the United States, 
would have tlie support of its laws and 
tbe shield of its protection. Further 
than this, If the Mormons neglected to 
establish such government, the Incouh 
ing GentUes would do so ere .long.** 

To af^'-omplish this purp'^f r oon- 
ventiou coinpostKl of "the iiihabitiints 
of the part of upper California that 
lies east of the Sierra Nevada Moun- 
tains " was called to meet In Salt Lake 
City on March 4, 1840. A constitntion 
was drafted for the State of Deseret, 
which was defined is- ovteiitling from 
latitude 30* to tlie Ixjnler of Oregon, 
and from the Rocky Mountains to the 
Sierra Nevada, together with consider- 
able territory that Is now within the 
BeinibUc of Mezloo. A general dee- 
tioii was held at Salt Lake City on 
the 12th of March, and Brlgham Young 
was chosen govenior of the new State. 
On July 2 tlie general aasembly con- 
vened, and on the next day Willard 



Snow, behig appointed speatter of the 
house of representatives, administer^ 
tb» oath or affirmation to tiie Meeoftlve 
officers. Bancroft (EUstory of Utah, 

p. 443) says: 

"Thus (lid the brethren establish, in 
the valley of the Great Salt T>ake, tlie 
State of T>Mseret It was certainly a 
novel and soniewliat bold experim^t 
on tibe part of the Saints, mustering 
then little more than one«lxth of tbe 
nunib^ required for the admlselcm as 
a State, thus to constitute themselvet 
a sovereign and independent people, 
with a vast extent of territory, and 
calmly await the action of'Ck>ii^^ 
In the nmtter.*' 

On July S Almon W. Babbitt was 
elected delegate to Congress, and on 
the next day a memorial to Cougress 
was adopted, asking for admission as 
a State. Babbitt proceeded to Wash- 
ington, but Congress refused to recoj:- 
nlze him as a delegate from a State 
wliich had no legal existence^ The 
Territory of Utah was provided for by 
an act of Confrross S^temt)er 9. IS-V), 
and President Fillniore appointed Bfi^ 
ham Young its lirst governor. 

"Quartzite is a terra applied to a 
sandstone that has been changed into 
a hard, dense flinty roci^ by the depo- 
sition around the sand grains of silica 
from percolating water carrying uta- 
terial of that kind in solution. A 
quartzite is much harder than a sand- 
stone, is more resistant to the wvather. 
and is generally nearly pure silica. 
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entirely of soft red shale with some beds of sandstone. Beyond 
milepost 681 this sandstone has been extensively quarried for build- 
ing stone in Salt Lake City, but the growing use of cement has led 
to the abandonment of the quarries. 

Spanish Fork is here joined by Diamond Fork, a stream coming 
from the northeast (right), which, though rather small, has been 
utilized by the United States Reclamation Service to bring water 
from Strawberry River, a tributary of Green River, through a divid- 
ing ridge, to irrigate some barren land in Salt Lake Valley J* The 




Fiauia 99. — Uap d Stnwiwrrr Yall^ reeUiMtton project The dMh line abom tlM 

boondaiT of fbe Green Elver drainage barin. 



water obtained by damming Straw l^erry River is carried through 
the rid^ by a long tunnel and discharged into oue of the head 
branches of Diamond Fork. From this point it flows by gruvity 
into Spanish Fork and is diverted lower down, where it is most 
needed. The traveler may see the diversion canal near the lower 
end of the canyon. 



"The Strawberry Valley diversion 
(tee fig. 50) Is one of the large proj- 
ects that the Unfted States Beclama- 
t'on Service has- rarried to n siicoefisful 
completion. By this project water that 
is not needed where it faUs is taken 
<*ver into another drainage basin and 
Sivea to the thirsty land. As shown on 
the map (fig. 50) Strawberry Blver Is 
^vttb% head branches of Duchesne 



River (dU'Shayne'), a stream that en- 
ters Qreen River tnm the west 
Strawberry River heads in rather open 
country near the Wa.^atch Range, 
wiiich has an average elevation of 
ahout 8,000 feet above sea level. At 
that altitude the cultivation of any but 
the most hardy gnUns and vegetables 
Is impossible, so that the water is of 
little value where It falls* but over the 
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The Triassic red beds extend nearly a mile west of tlie mouth of 
Diamond Creek, to a place where they are probably terminated by a 
fault which separates them from the Carboniferous and older locfa 

that form the core of the Wasatch Range. The 
rocks of the mountains are of Carboniferous age 
Sbw W5*^elr*' ^ poorly exposed and so complicated in 

structure that it is useless to attempt to describe 
them. From some limestones of ihis formation comes the hot 
sul[)liur water which, has made Castilla (cas-tee'yah) Hot Springs a 
noted resort. 

The Wasatch Mountains, although not equal in height to the Rocky 
Mountains of Colorado or the Sierra Nevada of California, are never- 
theless one of the dominating ranges of the continent, and their 
peaks range in elevation from 10,000 to more than 12,000 feet. Tbe 
impressiveness of the range is due more to its situation than to its ele- 
vation, but both unite to make it a notewortliy group of mountains. 
During the great ice age this range snpi^oi te l a number of glaciers 
(see the map opposite p. 244), but the glaciers were neither so large 
nor so numerous as those of the Kocky Mountains. 

Since leaving Canon City the traveler has been either in the Rocky 
Mountains or in what is generally known as the Plateau country, go 
called because it is nude up of a series of plateaus of different ele- 
vations, but when he passes through this canyon and emerges on tb« 
west front of the Wasatch Range he finds himself in a country that b 
very different from any that he has yet seen on this journey. Ibis 



mountains on the west there is not 
sufficient water to irrigate all the land 
tliat is weU adapted to fttnning. The 
problem* tlierefore, was to bring the 
water of Strawberrj Biver across the 
divide to the lands that needed it ao 
greatly. To accomplish tliis feat a 
dam 72 feet high was built across 
Strawberry River at a place called the 
*' Narrows,** a eonstricted point in tlie 
vaUey b^w a part that is open and 
well adapted to form a feservoir. A 
tunnel waa'Oien driven from one of the 
tributaries of Strawberry River 
through the divide for ti distance of 
19,897 feet (nearly 4 miles), so as to 
allow the water of tlie leaerroir to 
flow through and discbarge into the 
bead of Diamond Greek, a tributary 
of Spanish Fork. The water flows 
down Spanish Fork to the wost side of 
the Wasatch Monntains, where it la 



a>;ain divertetl into a canal for utilisa- 
tion, first for the development of eiec- 
trie power and later for irrigation. 
The bydroelectrlc plant is 8} miles be- 
low the diversion dam in Spanish Fork 
and the power is generated by drop 
ping the water to the level of thar 
stream, as shown in Plate LXXXIX. 
B. Tlie water is then carried to tb.^ 
south end of Utah Lake and distTll>> 
uted to the land at that place and alw 
on the east side. This land has been 
partly settled since 1847 but has it' 
been fully developed because of th^ 
shortage of water The supply from 
Strawberry Valley will be sufficient to 
irrigate about 54,000 acres of this land, 
and tfaua a great addition to the pn»- 
dncHye power of the State is made at 
the expense of a very slight loss to 
that part from which the water is 
taken* 
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re^on is known as the Great Biisiiij a land of desert basins and of 
barren mountain ranges, which in general trend north and south. 
The precipitation here is sli^rht, ranging in this latitude from 5 to 8 
inches, and that which falls finds its way into some deep basin in the 
interior like Great Salt Lake, where the water, when it evaporates, 
leaves the mineral matter that is carried in solution to form beds of 
salt or soda. 

The walls of the canyon, although steep, ar© generally smooth 
and arc covered, except in the higher parts, hy bnish and dwarf t rees 
of many kinds. In snmmpr they are elotlied in a soft, beautiful 
green, with here and there an evergreen tree to accentuate the soft- 
ness of the folia^re of the other trees, but in September, after the 
frost has touched the dwarf maples of the higher slopes, the color- 
ing is magnificent. Many of the slopes are a blaze of scarlet from 
top to bottom, and others show scarlet interspersed with brown and 
green. The clumps of aspen give t he landscape a touch of gold, and 
the whole scene presents an unexcelled splendor of autumn colors. 

The canyon grows broader to the west, and the railroad is built 
along its north wall. On the opposite side, near milepost 687, is the 
headgate where the water of Spanish Fork, including that from 
Strawberry Biver, is diverted into a large canal, which is soon lost 
to view as it follows the south wall of the canyon to the mouth and 
there turns to the left to the area where its waters are most needed* 

The outlet of the canyon is not like the outlets of most of the can- 
yons that the traveler has seen but seems to be dammed or choked by 
a great mass of gravel. Where first seen, a little below the intake 
of the canal, the gravel is at railroad level, and its top is flat, as if 
it had been washed down the canyon and deposited as a delta in stand- 
ing water. An examination of the opposite slope shows a terrace of 
similar material about 100 feet higher. This terrace also appears 
to have had a similar history, except that as it is the older of the two 
deposits most of its gravel was washed away when the second ter- 
race was formed, and so only fragments remain where they have been 
protected on the side slopes. These terraces are of the greatest sig- 
nificance in the interpretation of the late geologic history of this 
region ; to the geologist they have much the same value that the cliff 
dwellings or tables of cuneiform writing have to the archeologist. 
Thej^ constitute the record of one of the most remarkable geologic 
events in this country — the flood inp^ of the basin of Great Salt Lake 
during the ice age to a depth of n»ore than a thousand feet. When 
these terraces in the Spanish Fork cfinyon Averc formed the water 
of Ivake Bonneville, as it has been called to distinguish it from the 
present lake, entered the mouth of the canyon at the level of the 
highest terrace, and if a traveler had then attempted to make a west- 
ward journey here he would have been confronted by an inland fresh- 
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water sea that extended from the Wasatch Mountains to the met 
line of the State.'^ (See fig. 60.) 
Some of the most prominent of these okd ahore lines have been 

named. The hi^^iat, tlie 
one visible as a tmoe 
about 100 feet above the 
tra^sk, is called the Bomie- 
ville shore line. Hie one 
at railroad level, whicb bs 
not been named, represents 
a later stage of water, 
when the northern outlet 
had been cut down bdow 
its first position but not so 
low as it became later. It 
probably records the posi- 
tion of a harder bed of 
rock, which the outflowin|! 
watei*s encountered when 
they had partly cut the 
barrier that held them in 
place, and this hard bed 
held the stream so long 
that it permitted Spanish 
Fork to build at this 
height a delta of oonsider- 
able extent 

In its descent to the 
lower level of the vaUej 
the railroad cuts deeper 
and deeper into the delta, 
and finally, near mil^KJst 
689, it comes out on a still 
later and lower stand of tbe 
and from its even surface ibe 




FiuuKB 60. — Map of Lake Bonneville (the 
indicated by dla«oiiaI dudtnc). 

lower plain, which represents a 

waters. This plain is extensive, 



area 



"The Bonnerille diore Unee aad 
broad flats that the traveler has al- 
ready seen at the mouth of Spanish 
Fork canyon and the others that he 
will see before ho reaches Salt Lake 
City will doubtless couvluce him that 
at some ttme kng ago the drainage 
basin of which tbe pieBeiit Great Salt 
Lake occupies only the deeper part 
was filled with water to the highest 
shore line, or about 1,000 feet. This 
Old and vanished lake has been named 



Lake BonneTflle, In honor of CUpt 

B. L. E. Bonneville, who In 1882 to 
1886 explored much of the region lo^ 
merly occupied by its waters. 

The late G. K. Gilbert, who was rec- 
ognized as the leading authority on tlie 
history of Lake Bonaevllle^ nidi b 
speaking of tbe highest shore line 
(U. S. GetiL Bnrvegr Mon. 1, iq^ 
1890) : 

" If the Bonneville shore line were 
far less deeply engraved than it is it 
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A. liONNEVlLLE SHOHK LINK. 

Lake Bonneville shore lino ns it is mHrki-d on the wi'sl face of the WHsatch Mountains at the mouth 
of Hobble Canyon, hack of Springville. AIkjvc this line the rocks are bare, and there is no trace 
of wave action; below it the slopes are covered with mud washed into the lake when it stood at 
this height. Photograph by (•. li. Richardson. 




B. IIYDROELKCTRIC PLANT OF THE STRAW BEKRY VALLEY RECLAMATION 

PROJECT. 

After the water of Strawberry Valley is uirriiMl by a lonif tunnel through the Wasatch Mountains 
into Spanish Fork it is diverted info a canal and dropi>e<l several hundred feet to the plant shown 
in this view. The eh-ctrie |Kjwer which il ftenerati's in sold l«i near-by towns, und tho water is then 
used for irrigutinK the land. P>u>loKraph by the li. S. B<^-liunation Service. 
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traveler may get his first genefal view of the Great Salt 
Lake basin. Originally this plain was only a desert, but now it is 



would still be conspicuous by reason 
of its position. As it is, no geologic 
insight is necessary to discoTer it« for 
it l6 one of the pronounced features 
of the country. It confjronts all be- 
holders and insists on recognition. 
The tourist who visits Ogden and Salt 
Lake City by rail sees it on the 
Wasatcli [Mountains] and on the 
islands of Great Salt Lake and makes 
note of it as he rldea. The fanner 
who tiUs the TftUcy below is fhmHlar 
with it and knows that it was made 
by water; and even the cowboy, find- 
ing: an easy trail along its terrace as 
he ' rides the range,' relieves the mo- 
notony of existence by hazarding a 
guess as to its origin.** 

Gilbert followed this shore line, 
studied it in detail, and mapped it 
throughout most of its sinuous course. 
The map copied from his report (see 
fig. 60) shows the greatest extent of 
Lake Bonneville as compared with the 
present Great Salt Lake. 

The history of Lake Bonneville goes 
back to a time before man was known 
on the globe, or possibly about to the 
time of liis first appearance, but in 
any event tlie conditions that led to 
the formation of that great body of 
water oonld not have been due to 
man's activides and hence must have 
been the resntt of climatic change. 
Gilbert (U. Oeol. Survey Bull. 612, 
pp. 96-07, 19jr>) gives the history of 
Liake Bonneville as follows: 

••The latest of the periods into 
which geologists divide past time wit- 
nessed a series of climatic dianges 
which affected the whole earth, and 
♦ * * the element which recorded 
its chflnges most clearly was tempera- 
ture. There weri^ "-cveral epochs of 
cold, and they were separated by 
epochs of warmth. During tlie cold 
epochs the high parts of the Wasatch 
Bange held a system of glaciers, and 
in one of them several ice tongues pro- 
troded so far begrond the montlis ef 
80687*— 22 — 



the mountain canyons that they 
heaped their naoraiues on the floor of 
Jordan Valley, only a few miles from 
the place where Salt Lake Oity now 
stands. In that epoch of cold the rate 
of evaporation was far slower than 
now, and evaporation was at so great 
a disadvantage in its contest with 
precipitation that there was immense 
expansion of the water surface. When 
tiie lake was largest it was comparable 
in area and depth with Lake Michi- 
gan; it had eleven times its present 
extent. In attaining tliis great ex- 
panse the water surface rose to a po- 
sition more than 1,000 feet above its 
present level. 

*• To this great body of water geolo- 
gists apply a distinctive name— Lako 
Bonneville — and they have given much 
attention to its history, wliich is writ- 
ten in sliore lines, deltas, channels, de- 
posits, and lobisiis. The shorelines [Pis. 
LXXXiX, A, and XCVI, B] appeal 
most to the traveler and may be seen 
from car windows at several points. 

••As a matter of definition a shore 
is merely the meeting place of land 
and sea, or of land and lake, hut as 
a matter of land form it is much more. 
At the shore the lashing of storm 
waves works changes in the isnd, giv- 
ing it new shapes. At some places the 
land is carved away; at others it is 
made to encroach on the water. 
Where it is eroded the limit of erosion 
is mariveil by a cliff, and below the 
water is a slielf of gentle slope. 
Where additions are made they take 
the form of beaches or bars» which rise 
little above the water level and are 
composed of sand or grsveL At some 
places a bar spans a bay from side to 
side ; elsewhere it is incomplete, pro- 
jecting from a headland as a spit. 

" The waves of Lake Bonneville were 
as powerful as those of Lake Michigan 
and fashioned the shore into an elabo- 
rate system of difl^ beaches, and spits, 
and when the waters finally fall to the 
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dotted with farms, each protected by a line of tall popLirs that may 
be seen far across the valley. Utah Lake, a body of fresh water 30 
miles loni^ and 6 to 10 miles wide, lies in the middle of the baan, 



lower lovels they left behiutl the shapes 
their waves b^d made. The buse of 
each sarriTiD^: shore cllfl is a hori- 
sontal Une. and so Is the creat of each 
beach, bar, and spit, and these features 
In comblnatleii trace the outline of the 
old lake ns a level contour about the 
Hides of the baBin and the faces of 
nioiiiitaius that were once islands in 
the lake. 

*'In rising and falling the waters 
lingered at many levels* and so fheie 
are many ancient shore llnes» but two 

of them are more conspicuous than the 
rest and hnvp hwn nniiH'd Tlie hljrh- 
est of all is the BomievUie siiure line, 
and 375 feet lower lies tlie Provo siiore 
line. The Bonneville line reiireseiits a 
relatively short stand of the water and 
Is consplcnous chiefly becaiMe It marks 
the upper boundary of wave action. 
All the slopes below It have been more 
or less modified by the w.ives, but 
the slopes above It retain the shapes 
which had been given them by other 
agencies. The Prove line represents a 
long stand of ttie water and Is conspic- 
uous because it is strongly sculptured. 

" In nil the early history of the jrreat 
lulvc its basin was closed, like that of 
the modem lake. The water surface 
rose and fell in response to climatic 
changes like that of its modem rem- 
nant. Tbe last great rising was the 
highest and terminated the series of 
oscillations by creating an outlet. The 
lowest point of the basin's rim was at 
Red Rock Pass [130 miles by rail 
north of Salt Lake City], and when 
the water rose above that level the 
stream which began to cross the pass 
descended to Portnenf River, a tribu- 
tary of Snake River, the chief branch 
of the Columbia. Through the creation 
of this outlet the Bonneville Basin, 
whit h had previously coiitjiined an in- 
dependent Interior drainage system, be- 
came part of the drainage system of 
13ie PacUte Oosan. * * * 



"The formation at the suiiiinit [of 
Red Rock Pass] consisted of soft 
earth, and as soon as overflow began a 
channti was formed. The de^Mnlng 
of the channel Increased the vcdmne at 
the stream by lowering the ootlet of 
the lake; tlie greater stream wa? nwre 
elhcient in deepening the chaiuiel, and 
tliese two causes interacted until the 
stream became a stupendous torrent 
The Tolnme of water dlschargsd befine 
the flow became steady was enoogjh to 
supply Niagara River for 25 years, but 
the record of the torrent's violence 
leads to the belief that it lasted for a 
much short rr period. ♦ * ♦ 

"The draining of tlie lake down to 
the Provo level reduced its area by 
one>tIilrd and correspondingly redaced 
the quantity of wat» aniraally empo- 
rated. Two- thirds of tTie inflowing 
water was then divposfMl of by evapo- 
ration, and the remainder was dis- 
charged through the outlet. Only a 
great change of climate could restore 
the balance between inflow and evapo- 
ration, and the change was dow in 
completion. At last, however, the pen- 
dulum of temperature swung far 
enough on the side of warmth. Tlie 
outlet channel ran dry, the lake basin 
was again separated from the intar 
age system of the Paclflc» and the late 
began to shrink. So long as there was 
outflow the water was fresh, but when 
tlie outflow ceased there befran that 
accumulation of salt which has made 
the water of the present lake a concen- 
trated brine. 

'*At times In the history of the lal^r 
especially while the Provo shore Use 
was being fonned, the tributary 
streams brought down sand and 
gravel, which they dropped at their 
mouths, building deltas. When the 
water fell these deposits remained as 
fan-diaped benches having ste^P 
fronts. The streams that bnllt them 
then dqg channels through them. *** 
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and beyond it are the barren slopes of the Oquirrh Mountains 
(o^queer). Most of these desert ranges are not very high, but they 
are striking features, for they rise, island-like, out of a wide expanse 
of desert. 

The plain upon which the railroad is built is another of the nu- 
merous unnamed terraces that mark the shore line of Lake Bonne- 
ville and represent pauses of longer or shorter duration in the grad- 
ual lowering of the water in the basin. This is well 
Haplctim. developed about the station of Mapleton. The view 

Elevation 4J24 feet, from the railroad at this point is particularly fine 
Denver 691 miles. because it embraces what appears to be the bottom^ 

of the valley, so wide is it and so completely culti- 
vated. On the ri^rht stands the great blank wall of the mountains, 
across whose front the Bonneville shore line (see PI. LXXXiX, ^1) 
can bo seen as a mere thread separating the slopes above — char- 
acterized by gashes cut by streams — from those below, in which all 
roughness and angularity have been concealed by the material de- 
posited in the ancient lake. Along the foot of the slope, within the 
irrigated lands, stretches a belt of sloping ]>lain on which most of 
the homes of the region are built. Each house has its protecting row 
of slender poplar trees, which give the scene an aspect so foreign that 
one seeing it might almost imagine himself on the plains of northern 
Italy looking at the slopes of the Alps, instead of in the Salt Lake 
Valley looking at the slopes of the Wasatch ^loimtains. 

The abrupt change from the steep slope of the mountain front to 
the nearly flat surface of the desert plain, except where deltas and 
bars were built in the waters of old Lake Bonneville, is very striking 
and doubtless will attract the attention of many travelers. The 
traveler sees no foothills, no indication of a mountain front, until 
he reaches the foot of the slope. What does the abrupt change from 
mountain to plain mean, and has it any connection with the geologic 
history of the region 9 It assuredly has a meaning, and the processes 
that produced these mountains have had a most striking effect in 
determining not only the surface features of this region but its 
climate and its arid conditions. Long ago, as man measures time, 
the rocks composing the crust of the earth broke along a line that 
now coincides with the west front of the Wasatch Bange, and the 



" In quality of water and in temper- 
nfiire T.fiko Ronnevfllo wns ns well 
tittPd for abundant and varied life as 
the Bear I-<ake to-day, and though the 
only remains yet found in its sedl- 
meiitg are fresb-water abells, we need 
&ot doubt tbat Its waters teemed with 
^ We may oonHdeiitiy picture its 



bordering marshes as fields of ver- 
dure and its bolder shores ns forestf 
clad ; and we may less confidontly 
imagine primitive man as a denizen of 
its shores and an eyewitness of the 
spectacDlar deluge when its eartben 
barrier was burst*' 
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part on the east side of that break or fault was forced up man) 
thousand ftM't, or tlie part on the west was dropped an equal dis- 
tance, or both movements took place to a Ir'.'-or degree. It matters 
not which side moved, for in any event the part east of tlie fault now 
forms mountains because it was uplifted relative to the other, ortbe 
other is now a low basin because it was depressed relative to tKe. 
on the east.^* Although the principal movement probably took 
long ago, slight movements have occurred so recently tha>t they jpire 
broken across alluvial cones formed by small streams flowiiij^^t 
of the mountains. i 

A short distance beyond Mapleton the railroad curves to the A)i' 
and approaches the edge o f t he plain. There it begins to descend^o a 

lower plain, which stretches away in the distaft^as 
far as the eye can see. Before reaching the lem. of 
the lower plain the railroad passes thro 
flourishing townof Springvifle (seesheetlO,pw||4). 
which is surrounded not only by fields of «k 
alfalfa, and sugar beets but by orchards that stretch out mile iINi' 
mile until they seem to be intenninable. It is indeed a land of riace 
and plenty, and an added beauty is given to the scene by theWU 
waters of Utah Lake shimmering in the bright sunshine. A l^ifich 



{^riBgviUe. 

EIi'vaMon 4.nrin feet, 
ropulatlon 3,010. 
Denvvr 606 nullca 



*The entire Great Basin, which ex- 

tenrls from tht' Wasnteh l?an?e on the 
Past to tlio Siorra Nevatla on (ho wpst. 
is charaeteriztKl by faulted luouutttins 
like the Waaatch. Such mountains 
are generally known as ''block moun- 
tains,** for the reason that the crust 
of the earth has been broken Into grent 
blocks by the faults and Inter ihosv 
blocks have been tilted in Uifrerent 
direction?!. In tlie central part of the 
basin the faults and consequently the 
block mountains trend north and 
south* as may be w&sl on any good 
map of the region. The beds of rock 
of which such a mountain is com- 
posed may originally have had a sim- 
ple structure or they iiuiy have been 
folded and broken in a most complex 
manner. But no matter how complex 
the folding the block has acted as a 
unit and has been tilted In the same 
manner as the horizontal rocks. 

In the tilting the edpre of the prreat 
block that was elevated produced a 
mountain and the edge tliat was de- 
pressed formed a deep basin, wlUch 



later was partly filled by sand W 

ffravel washed in from the siirfOTind- 
inq' slopes. In many places tlio loo*^ 
rociv lillin^r has a depth of nn»re than 
a thou8nnd feet. Such a basiu is^ec 
emUy deei)est in the center, asgLtlie 
slight precipitation that Calls o^tlie 
surrounding Blopea finds its way fo tlw 
lowest point, where it forms a ii&l- 
low lake, but the water is soon ca'-- 
ried off by evaporation and there re- 
mains in its place only a dry lai 
known in the Southwest by t 
ish name of *'playa.** Tin 
basin is also frequently spok< 
a "bolson** (bowl-sown'), a SptfBlsh 
name meaning purse, which hfis been 
applied to the baslu because it re- 
sembles in siiape a Spauisli purse. . 

Great Salt Lake is said to l|e in 
such a basin, though It really vki hi 
several basins, which are so shdkw 
that the water extends from one tlS^ 
other. In time of drouglit it too 
would disappear were it not for the 
large supply of water it rect-ives fieoi" 
the high ranges on the eabt. 
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railroad turns to the south (left) and runs to the Tintic mining dis- 
trict, 48 miles distant. TIk- t.own was named Sprin^ville because 
of a large hot spring whicli issues from the base df tiie mountain in 
Hobble Canyon just east of the town. This sprin^^ ;ind the stream 
into which it flows provide an unfailing supply of pure water for 
the State fish hatchery, which is about a mile from the town on the 
right of the track. 

East of Springville the Bonneville shore line is beautifully de- 
veloped on the mountain front (see PI. LXXXIX, A) ; abo^ it 
the normal mountain slopes appear, but below it all is oovened with 
the sediment deposited in the old lake. 

In a short distance the railroad descends to the lower plain, which 
it follows to the town of Provo. The shore line in this vicinitv is 

remarkably well preserved and has been named the 
ProTo. Provo shore line. At Provo a branch line of the 

Elevation 4 512 feet. raUtoad tuMis diioctly throagh the town and the 
Koi weU-irrigated farms to^the north and ascends Provo 

Cftnyon, which cuts across the Wasatch Range. The 
canyon winds about the base of Timpanogos Peak, on the north, and 
here many views of this beautiful peak may be cl>tained. (See PL 
XC. ) The branch line is 26 miles long and terminates at the Mormon 
town of Heber, which is beautifully situated in one of the level moun- 
tain valleys at an elevation of 5,559 feet above the sea. 

Provo, one of the wealthiest of the Mormon towns, has large manu- 
facturing industries. The following description of the town is given 
by Stanley Wood : 

This pretty little city belongs to the best type of Mormon towns, and a de- 
scription will serve to give the reader a good idea of the characteristics of all 
the towns built by the MormoiiB. Tbe dwellings aa a rule aie comfortable but 
not imposing in appearance. Many of tbem are constmcted of adobe or son' 
dried bricks, and all are situated in lots of generous proportions and snrrounded 
by ornamental and fruit trees. Water for irrigatlog purposes flows down each 
side of the streets, and shade trees in nbinidance and of luxuriant growth render 
tile walks cool and inviting. Gardens tilled with fruit, flowers, and vegetables 
are tlie rule, and a quiet, peaceful, industrious, semi rural life is the good fortune 
of the residents here. * ♦ ^ Provo Blver furnishes excellent water power, 
while inezhaiiattbfe supplies of artesian water are to be found at a deptb of 
from 40 to 200 feet The dty has, hi feet, fbe finest water supply In any section 
of Utah. Provo has an excellent pnbllc4(diooI system and is the seat of the 
Brighuin Young Aeiidemy, which was amply endow<»d by the first president of the 
Mnriuon CliTin h, from whom tliP school takes its name. Its cburcbes and public 
buildings, including an opera house, are a credit to lis people, who are of a 
literary taste and iiiciiued to liberality of thought. 

One who is not familiar vvitii tlie development of tlie Salt J^ake 
Valley can hardly realize that it was first settled little more than 70 
years ago, when there were no green spots in the valley except where 
the mountain streams first spread their waters out upon the valley 
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floor mid wlieii most of its surface presented to the eye only the dull 
gruy of the desert. To Brif^ham \ uung and the first Mormon set- 
tlers must be given credit for far-sighted vision and steadfastness of 
purpose in carrying out Llielr \)\iu\ of making this land^ where the 
conditions seemed so unfavorable, a rich agricultural region. Who 
to-day, without capital other than brains and muscle, would care to 
undertake the task of making lioines in such a place? 

In the vicinity of Provo the traveler may have many fine views of 
the towering wall of the ^^'Lisatch Kange, deeply cut by canyons and 
crowned by some of the highest peaks in the region. A little to the 
nort?! stands the monarch of them all, Timpanogos Peak (PI. XC). 
whose barren rocky walls tower 11,057 feet above sea level, or nearly 
11 miles above Provo station. In this western country mountains 
of this height are not uDoommon, and the traveler in his trip across 
Colorado has seen many that are higher, but seldom can one look 
from a plain at a wall-like mass such as Timpanogos, whose front is 
unbroken by deft, raidne, or spur. The great mass is awe-inspiring, 
and whoever sees it can only wonder how it was uplifted and whether 
the movement was rapid enough to have been perceptible bad men 
been there to witness the uplift. 

At Provo the Denver & Bio Grande Western Bailroad is paralleled 
on the left by cme of the lines of the Los Angeles & Salt Lake Bail- 
road, which divides at Lynndyl; the main line keeps to the west 
through Stockton and comes into Salt Lake City from the west, and 
the other, a subordinate line, turns to the east through Nephi and 
Provo and enters Salt Lake City from the south. Provo is also con- 
nected with Salt Lake City by an interurban trolley line, whidi may 
be seen on the rijg^ht on the outskirts of the town. 

The country between Provo and Utah Lake is not only well sup- 
plied with water from the mountain stream but also has many flow- 
ing wells, which are used extensively for irrigation. Many of these 
wells may be seen from the passing train not only about Provo but 
also as far west as Lehi. 

Two miles out of Provo the railroad crosses Provo Biver, whidi 
heads far to the east in the Wasatch Mountains and reaches the low 
plains nml Utah Lake on the west through Provo Canyon. About 5 
miles f refill Provo the Los Angeles & Salt Lake Railroad crosses the 
Denver & Rio Grande Western and continues on the east side to Salt 
Lake City. 

From Provo to Lehi the railroad takes a northwesterly course, 
following closely the shores of Utah Lake.*' At first the lake is a 



"Utah Lake Is 80 ndles long and 6 
miles wide at its widest point. Its 
supply of w'ttor is derived from thp 
moutitaiu streams, Americaa Fork, 
Spanish Fork* Provo Biver, and Salt, 



Peteetweeti and Hobble creeks. It is 
not salt like many of the desert lakes 
that hnve no outlet, but its surplus 
waters tiow throu|^ Jordan. Kiver iuto 
Great Salt Lake. 
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mile distant^ but farther to the northwest the raUroad approaches 
more and more closely, until at the siding of Geneva the waters come 

to the right of way. The lake is very shallow, and consequently 
bathers can go out a long distance without danger of entering water 

beyond their depth. 

From Provo to Lehi the railroad passes through some of the best 
farming land iii the valley, and orchards and fields of crrain, alfalfa, 
and sugar beets are on every hand. After passinjx the point of the 
lake the next object of interest is the great sugar mill on the right 

in the suburbs of I^hi. Not only are the beets 
crushed and the syrup extracted here but much 
syrup is refined that is produced at other plants and 
pumped here through long pipe lines. The town 
abounds in shade and fruit trees, which give it a 
very pleasing and restful appearance, especially when seen on a hot 
midsummer day. 

East of Lehi the foot of the mountain is 5 or 6 miles from the rail- 
road, but north of the town the mountain bends suddenly to the west 
and a long ^ur is thrust out into the middle of the valley. This 



LeM. 

Eleyation 4,550 fc€t. 
Population 3.078, 
nmyer 717 mllMi 




VteUIB eir-^PlOVO Mid 



Bmntvllte lake temees at tlw Mmnowt of Jordan Yaltey, looldiic 
ioaflnaat. 



long spur on the west face of the Wasatch Range is matched by an 
equally long, low spur which projects eastward from the Oquirrh 
Range, nearly cutting off the valley of Jordan River. These project- 
ing points are merely remnants of a lava flow (andesite) that long 
ago, in Tertiary time, probably filled the valley from the base of one 
range to the base of tlie other. This flow may indeed have originally 
dammed Jordan River, forming a large lake, but if so the river 
later succeeded in cutting through the barrier a chaimel that is now 
known as " The Narrows." During the existence of T^ake Bonneville 
tliese barriers of lava caused the currents in the lake to set in certain 
directions, and large quantities of gravel and sand were deposited 
around and over them in the form of bars or beaches. These ter- 
races, as they appear from the northwest, are shown in figure 61. 

Just before reaching Mesa siding (milepost 716) the Denver & Bio 
Grande Western crosses first the interurban trolley line, which spans 
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Jordan River nnd proceedb northward along the west side of that 
stream, and second a branch of the Los Angeles & Salt Lake Railroad, 
which connects the line running down Salt Lake Valley w ith the 
main line at Boulder south of Stockton. The Denver t^. Kio Grande 
Western Railroad descends at a steep parade, and at mllepust 721 it 
runs on the right bank of Jordan River, which has gravel bluffs 
risin«r more than 100 feet on both sides. Tiie top of the first terrace 
(about 250 feet above the river), which is crossed by the Los An- 
geles & Salt Lake Railroad, corresponds with the Provo shore line 
and doubtless was a gravel bar built out across- tlie channel when the 
waters of the lake stood at the Provo level. The material composing 
these terraces is well shown in the numerous cuts of the Denver & Rio 
Grande Western Railroad and the trolley line across the river and 
in an immense gravel pit open on the right at a siding called Nash, 
at the lower end of the Narrows. At this place several lar^ flumes 
on the left take water from Jordan Eiver and distribute it over the 
low plain to the north. 

The river valley below the Narrows is well fanned and makes 
a pretty picture as the traveler catches glimpses of it here and 
there, but the river swerves to the west away from the railroad and 
the traveler sees it no more. Near the siding of Olivers the railroad 
emerges upon the plain and the traveler has spread before him on 
the right the south end of the broad valky in which Salt Lake Gty 
is situated, bounded by the great wall of the Wasatch Mountains, 
as shown in Plate Xd. Here again the shore lines of Lake Bonne- 
ville are the most conspicuous features of the landscape. The trav- 
eler may readily follow the uppermost or Bonneville chore line by 
the slight horizontal line across the mountain front which separates 
the more rugged slopes above from the smoother and more gentle 
slopes below. Below the Bonneville is another shore line, which 
in some respects is much more prominent, as it is represented by 
the uppermost terrace or the great bar built out from the moun- 
tains to the east. Below this bar is the terrace which was made when 
the lake stood at the Provo level and which is crossed by the Los 
Angeles & Salt Lake Kailroad in its course from Salt Lake City to 
Provo. These terraces are shown m figure 61. 

On the left stands the Oquirrh Range in all its barrenness. The 
traveler may think that this range is the very type of desolation 

and of worthless barren rock, but if the atmosphere 
BtverlniL clear and he studies the mountain carefully, he 

SttBwTOp'MSlia!**' snioke arising from a canyon nearly op|X»- 

site the station of Riverton, and he may be surprised 
to learn that in this c-anyon is the largest copper mine in Utah 
and, when the method of mining is considered, probably the most 
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wonderful mine in the world. This is the Bingham mine, in Bingham 
Canyon, a description of which is given on pa<j:es 255-259. 

North of Riverton tiie plain upon which Salt I^ake City is built 
stretches to the foot of the t^jrrace at the base of Ensign Peak and 
eastward to the foot of the mountains. Kverywhere in this wonder- 
ful valley there are now fine farms, with trees, and in places there 
are manufacturing plants of different kinds. To-day it is a land 
of plenty, but it wss not so on that memorable 24th of July, 1847, 
when Brigham Young and his band of faithful followers first looked 
out over this same valley from the mouth of Emigration Canyon.** 



"The early history (>f Utah Is a his- 
tory of the aioniion Church and people, 
their endeavor to find a home where 
tb^ would be at libertar to eetablUOi 
their cburcb and social customs with- 
out interferenoe and persecution, ami 
the resolute courage of their leading 
men, who faced the hardships of 
mountain and desert that they might 
carry out wlrnt was to them the will 
of Ood. The tale is fssclDatiiig and 
should be read by all who wish to 
know something of the early stmgg^ 
* of this people and of tlie great and 
wealthy Stuto v.hioh they have been 
largely iustrumeutal in producing. 

The story has been simply told by 
Levi Edgar Young, grandnephew of 
Brii^am Young, and the wrltar can 
do no better than to quote his words: 

"The first permanent settlement in 
I'tah was made at Salt Lake City by 
a band of Mormon pioneers from the 
State of Iiuft>is. This was on July 
24, iS47. 

"During the winter of 1845-46 the 
Mormons were making extensive prep- 
arations to leave the city of Nauvoo, 
in the State of niinais niid to make 
hornos somewhere in tlie Far WVst. 
Their leader [Joseph Smith] had been 
killed, tlieir property ruined by people 
not of their religious faith, and, con- 
vinced that they could not make a 
home in Illinois, they had but one re- 
course — they could move to lands far- 
ther west. ♦ * * Tlie isrormons 
collected all the wlieat, corn, bacon, 
and yxttatoes that they coulr! anrl ox- 
chuii^^ed their iand for cattle, liuriiu;^, 



and wagons. On February 10, 1846, 
the tii-st team crossed tlie Mi<?sissippi, 
and in a few weeks Nauruo waa de- 
serted. 

** The Mormons slowly wended their 
way across the Territory of Iowa and 

established winter quarters on the 
banks of the Missouri nearly oppo- 
site Council Bluffs. Here they so- 
journed during the winter of 1846-^7. 
They built 700 log. cabins and IfiO dug- 
outs. * * * At Winterauarters and 
Kanesville, the two chief camps on 
the Missouri, about 12,000 people were 
gathered during the winter. Many 
died of cold and hunger, for the season 
was severe. • * • 

"The first company of pioneers 
under Brigham Young left winter 
Quarters In Aprll» 1847. There were 
143 men, 3 women, and 2 children. 
They struck off due west and upon 
reaching tJie Platte Kiver continued 
along ii.s nortli bank, ♦ ♦ ♦ xhe 
company was well organized. Every 
morning at 5 the bugle sounded to 
awaken the camp. All assembled 
for prayers* then took breakf^ 
and the second bugle was sounded 
wlicn the company began in march. 
* * ♦ In .Time they reached the 
Black Hills and Fort Laramie. From 
here they followed the Oregon trail 
throu^ South Pass to Fort Bridger. 
There they were given some idea of 
the kind of country in the vicinity of 
the Great Salt Lake, but as to the 
fertility of the soil evoj-ione was 
doubtful. From Fort I'.rils-er the 
party went thruuijii iiciio uud ii.uiii;ru- 
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Then it was a desert covered with stunted sagebrush and grease- 
wuods except in places where the mountain streams furnished a sup- 
ply of water. 

The tram runs alonir throii^li the valley, with good farms on 
both sides and the bare walls of the mountains as a hacktrround. 

until it reaches the next station, Midvale, which is 
the junction point of branch lines riinninfr to 
Bingham, 14 miles to the west. At Midvale is a 
large mill and ]oad smelter built for the reduction 
of some of the ores of the Bingham district. This 
smelter is known as the smokeless smelter, for it was one of the 
first smelters to recover and utilize the substances contained in the 



Midvale. 

EleraUoD 4.865 feet. 
Popolatton 2.200. 
DeBTW 786 mtlea. 



t!on canyons to the Salt Lake \ alley. 
Orson Pratt, Erastus Snow, and some 
others were sent ahead and entered 
the valley of the Great Salt Lake Jnly 
21. Tlioy explored some parts and on 
the 23ii staked off land nnd turned tbe 
waters of City Civek onto the soil. 
This was tlie beginning of irrigation 
in tlie West. The main party, under 
Brigham Young; arrived on July 24, 
and it Ib out of respect for him and 
the main company that this day 
taken ns Utah's nntal day. ♦ ♦ * 

" The pioneers settle<l on tlie present 
site of Salt T ake City. The llrst 
camp was made about where the 
Knutsford building [Anerhach's de- 
Iiartinent store] now stands at the 
corner o^ Third South (Broadway] 
and State streets, on the hanks of City 
Creek. ♦ * ♦ At a conference held 
on Augnisft 22 it was decided to call the 
town Great Salt Lake City. • • • 
Wilford Woodruff says in his Journal : 
*We have laid out a city 2 miles 
sQuare' and built a fort of hewn tlm- 
her and of sun-dried brides or adobe. 
This fort incloses 10 acres of jrronnd, 
40 rods of which are covered with 
block houses.' [This was called Old 
Fort and stood on what Is now known 
as Sixtli Ward Square, or the iwrk 
near the Denver it Rio Orande Western 
Railroad station, now called Pioneer 
Square.] 

"After the first company, headed by 
Briffham Younjr, left for the Rocky 
Mountains, extensive preparations 



were made for oiliers to follow. The 
'First Immigration,* so called, con- 
sisted of 1,658 souls under the com- 
mand of Parley P. Pratt. It left 
winter quarters on July 4, 1847. 
♦ ♦ • There wore 580 wa^rons, 2,213 
oxen, 124 horses. 887 cows, 358 sheep, 
85 hogs, and 71G cliiekens. This com- 
pany arrived !n Salt Lake City on 
September 19. i>y tiie aid of tbe yesr 
some 4,000 people had settled In the 
\ alley of the Great Salt Lake. 

" One of the saddest episodes in the 
history of Utah is the story of the 
liandeart companies. Every year 
thousands of people from Europe and 
America gathered at the Missouri 
River points en route to Utah. * • • 
How to bring them across the plains 
was a prohlem* • • • There was 
not enonph money to ^|ovide trans- 
portntioQ by wagon for such a multi- 
tude, so Governor Young hit upon a 
unique plan. • ♦ ♦ [The plan was 
to make handcarts and have the emi- 
grants push them across the plains, 
with a cow or two for erery ten 
persons.] 

"The plan was put in operation in 
the spring of 1S56 and worked well for 
those companies tliat started early 
enough to reach Salt Lake City before 
winter. In the early autumn of 1856 
three large companies of nearly 500 
people each arrived in the valley of 
the Oreat Snlt Lake They had 
trnniii«Hl more than 1.3CK) miles from 
1 Iowa City to Salt Lake City, drawing 
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B. EAGLE r.ATE AM) LION AND BEEHIVE HOUSES OF BRIGHAM YOUNfi. 



The mitst inlrn-sliiifr fi'jiliircs in Salt Lake City am the hiiildiii^s and inHtitiitiuns of the Mormon*- 
This view shows th«- rtunou.s KH;;h- (>ate. erectinl by Hriuhani YonnK i>i IK.>^. and the Lion and 
HiH'hive h<His<>s. wh«'ri> s«>veral «>f his wives live*!. I'holograiih furnished by the Denver & Bw 
(iraiidn Western Ruilroa l. 
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gases, which usually go off into the air to poison and kill vegetation. 
(For further information regarding smelters, see pp. 252-254.) At 
several places along the line the traveler may obtain glimpses of 
the Wasatch Mountains, and at almost every place he will see the 
Bonneville shore line as a faint line across the mountain front or 
the Prove shore line marked by great terraces or embaiikmeiiLs of 
gravel. 

The smelting industry has lor many years been an important one 
in the Great Salt Lake Valley, and many smelters have been built 
at or near the station of Murray. Many of these smelters have 

been abandoned or consolidated, so that only one 
Murray. jjq^ remains — the Murray smelter, of the American 

p<r uu«on 4 584^* Smeilin*^ & Refining Co., which may be seen on the 
Denver 78© laiiM. right from the train. This plant smelts onl}^ silver- 
lead ores, and the great bulk of the copper ores 
from the Bingham mines are boinfr treated at the Garfield smelter, 
the smoke of which may bo seen T isinij; over the extreme northern 
point of the Oquirrh liange on the west (left). 

The most prominent object seen by one approaching Salt Lake City 
from the south is the new State Capitol (PI. XCIT, .1), which 
stands on a commanding terrace north of the city, directly beneath 
Ensign Peak. The tall buildings also attract attention, though they 
are not particularly different from tall buildings in other cities. A 
little farther to the right the traveler may notice the large letter U 
on the mountain slope far back of the city. This letter was put 
there by some class of the University of Utah, which stands on the 
terrace directly beneath it 



their supplies in handcarts. * ♦ * 
For pluck and endiiranco this iH n 
record that has rarely been equaled. 

**ViYe companies In all undertook 
Ihe Journey that first year, but tbe two 
that started last had a dreadful time. 
James G. Willie commanded one and 
Edward Martin the other. They had 
been delayed in leaving: the Missouri 
River and were caught in the piercing 
blasts of winter on the Platte and 
Sweetwater. * * * Some of the 
handcarts broke down; sickness and 
lack of proppf food dispirited the 
marchers. * * ♦ Thinly clad and 
poorly fed they labored on and on, and 
then they were put on half rations 
when not niore than half of the 
Journey was completed. Despair selaed 
them. The conqneoy under Bdwaid 
Martin made a camp fu a ravine be- 



tween the IMatte and tlie Sweetwater 
in the latter part of October. I'ood 
became so scarce that the marrowless 
bones picked up from the prairies were 
boiled for soup. * • * 

"Brigham Young received word of 
the sufferings of the emigrants on the 
plains. Ho Immediately sent a com- 
pany of the strongest men with wagons 
and supplies under the command of 
Joseph A. Young. Tiiis rescue party 
found the companies in a moet miser* 
able Gondition» fed them, and brought 
them to Salt Lake City. That is, they 
brought the survivors, for 250 ♦ ♦ • 
had died on the plains. 

"During the four years ext^ding 
from 1856 to 1860 more than 4,000 
migrants crossed the plains in this 
manner, and the total number of 
deaths was leas than 800." 
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On the Slime terrace, but a little to the right, may be seen the build- 
ings of Fort Douglas, which has been occupied continuously as an 
Army post since 1862. Still farther to the right is the rather insignifi* 
cant Emi^jration Canyon, down which Brigham Young's party came 
on July 21, 1847, and took possession of the valley. (For a descrip- 
tion of the route followed by the pioneers, see p. 248.) 

Many travelers unfamiliar with this region imagine that Salt Lake 
City stands on the shore of C^reat Salt Lake, but in fact the nearest 
point of the lake is 10 miles distant. The site of the city was chosen 
not because of its nearness to the shore of the lake, but because of the 
abundance of fresh water which comes from the mountains. The 
city, however, appreciates the value for recreation of such a body of 
water as Great Salt Lake, and a pavilion called Saltair has been built 
at the beach, which affords bathing facilities to those who wish to try 
a dip in the heavy waters (PL XCIV, B), It is a popular resort, 
easily reached by electric train during the season. Saltair is de- 
scribed more fully on page 244. 

The next stop in this journey is at the new passenger station of the 
Denver & Bio Grande Western Bailroad in Salt Lake City, the 
metropolis of the Great Basin and the home of the hierarchy of the 
Church of Jesns Christ of Latter-day Saints, more commonly known 
as the Mormon Church. Salt Lake City, the capital of the great 

State of Utah, is in the eastern part, of the Great 
Salt Lake Oty. Basin, at a point where several routes of travel 
Pom*ftt^ion m ii^om the Pacific coast converge into main eastern 
Denver 745 miles, tinnk linps. It has direct connection with T^os 

Angeles on the southwest by the Los Angeles & Salt 
Lake Railroad ; with San Francisco on the west by tlie Western Pacific 
and Southern Pacific railroads; with Portland and Seattle on the 
northwest by the Oregon Short Line and the Oregon Railroad & 
Navigation Co.'s line; with Butt<} and Helena on the north by the 
Oregon Short Line; and with the East by the Denver & Rio Grande 
Western and Union T^neific railroads. The r^nion Pacific trains run 
over the tracks oi tlie Oregon Short Line to Ogden, and the Denver & 
Kio Grande Western main line also extends to Ogden. 

Salt Lake City is the center of a large and prosperous metal-min- 
ing district; it has almost unlimited fuel resources in coal fields that 
lie 100 miles to the southeast, and it stands in the midst of a rich 
agricultural region that can supply food for many times its preseiot 
population. 

The general traveler, however^ will find the chief interest in 
Salt Lake City in the Mormon people, their mode of life, and the 
peculiar institutions they have built up."** 

*** See footnote 83, 237. 
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On July 24, 1847, Brigham Yoimp, at the head of the Momion 
pioneers who had traversed the plains and hewed a way through the 
mountains, as he stood on the foothills after he had emerged from 
the rocky walls of Emigration Canyon, uttered these memorable 
words: ^^This is the place.^' This statement detenninfid the loca- 
tion of Salt Lake Ci^. Wilford Woodruff in his journal says: 

We gased in -wonder and admiration upon the vast valley before na, wtih the 
waters of the Great Salt lake gllatenlnff In the ann, mountains towering to 
the skies, and streams of pure water running through the beautiful valley. It 

was tlic ^rrandest scene that we had ever bphcld till this momeiit Pleasant 
thoughts ran through our minds at the prospoot that not many years hence 
the house of God would be established in the mountains and exalted above the 
hills; while the valleys would be converted into orchards, vineyards, and flniit- 
fnl fltida; cities erected In the name <A the Lord, and the atandard ot ZUm 
nnfnrled for the gafberlng of the nations. 

The pioneers began at once to cultivate the land, but before any of 
the land was assigned the city was laid out essentially as it is to-day. 
As eac h square was planned to contain 10 acres the present city blocks 
are veiy long, and one may walk a mile without crossing many of the 
city streets. 

Until about 1871 Salt Lake City was strictly Mormon, but with the 
development of the railroads and mines Gentiles began to flock in, 
and to-day the city is thordui^hly cosmopolitan. 

The cliief point of mterest to the general traveler is Temple 
Square (see PI. XCTII), the center or nucleus around which the 
city was plaTined and built. This square contains the temple, the 
tabernacle, and several other minor buildings. The exterior view of 
the Mormon temple is familiar to most persons. The temple was 
built of granite obtained in Little (yottonwood Canyon, about 20 
miles southeast of the city, it was 40 years in building, and each 
stone was selected with the greatest care, so as to avoid flaws that 
might ruin the building in later time. The walls are said to be 9 
feet thick and are built throughout of solid granite, and the height 
to the top of the angel Moroni is 222 feet. As the construction was 
begun before the days of the railroad most of the stone was hauled 
by ox team. In view of the fact that it wag buUt without the aid 
of an ardiitect, the result is surprising, for the temple is indeed an 
imposing structure and one that would attract attration and com- 
mand respect and admiration anywhere. No one save the elect of the 
ehttich is permitted to enter the temple, so that it has an air of 
mystery which to most persons is an added attraction. 

The tabernacle, designed as the assembly room for the church 
conferences, is even more wonderful than the temple. It has a 
seating capacity 'of 8,000, but occasionally 12,000 persons have been 
crowded into it* It was built in the early days, when the people 
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were poor and before the advent of the railroad, and so perforce it 
was built with home-made mntorials and by the members of the 
Church. The roof is the wonderful part of the tabernacle— it wu 
built entirely of wood and is without a single supporting oolumn. 
The wooden trusses are held together by wooden pins and in plaees 
are bound by rawhide. The building is elliptical in siiape, 250 
feet long, 150 feet wide, and 80 feet high. The acoustic property 
of the tabernacle is perhaps its most wonderful feature. The diop- 
ping of a pin may be heard distinctly the entire length of the build- 
ing—more than 200 feet In the belief of the Mormons the archi- 
tect of these buildings was God, and all their wonderful features an 
directly due to His beneficent direction. 

Many persons are attracted to the tabernacle each week day at 
noon to hear the orpran recitals, which are giyen free for the 
entertainment of visitors in the city. The or^an, like almost all 
other parts of the tabernacle, was built before the days of railroad 
transportation, and so most of its pa its were manufactured on the 
spot. Recently it has been rebuilt, without, however, changring the 
architectural eiTeet, and now it is said to be the largest organ in the 
world. The total nimiber of pipes is between 7,(X)0 and 8,000. 

Temple S(juare is a delightful pnik in the heart of the city, and 
with its flowers, trees, and greensward it forms a beautiful setting 
for the massive buildings. One of the most attractive and interestinff 
monuments recently added to tliis park is that of tlie Sea Gulls (see 
PI. XCTV. /l).w]iich was designed by Mahoiiri M.Young, a grandson 
of the great pioneer leader. This monument mmmemorates an in- 
cident in the experience of the early pioneers which shows their 
implicit faith in the protecting power of God. The gulls which in 
habit the shores and islands of Great Salt Lake are held in high 
regard) if not reverence, by the Mormon people, for the reason that 
they saved the pioneers from starvation in the early days. As the 
story is extremely interesting it is given in f ull,iis narrated by those 
who are supposed to know. 

The pioneers reached the valley in the summer of 1847 with few 
personal possessions besides those which they carried on their backs. 
They at once made preparations to plant, so that the colony might 
have food for the coming year, but as they arrived in midSstmuner 
little could be grown that year. The next spring 5,000 acres of wheat 
were planted, and the prospects seemed good for an abundant crop. 
During the last week in l^y, however, the black crickets began to 
attack the growing wheat, as well as everything else that was green. 
At first the crickets were confined to c^iain fields, but soon they 
spread, and in a few days they had sw^t much of the valley. 

As soon as the extent of the impending calamity was realized the 
people began to fight the common pest at every point. They drove 
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them into ditches and upon piles of burning reeds, striving in every 
yvay to stop the flood of destruction, but aU in vain. The people 
then became greatly alarmed lest their whole crop should be de- 
stroyed and they should be left to starve, so a day of fasting and 
prayer was appointed, as the people had great confidence in the 
power and willingness of God to Iralp the faithful. 

The result has been regarded by all the people of Utah as a mirade 
and as a direct answer to their supplications. From the shores and 
islands of Great Salti Lake came myriads upon myriads of gulls 
until the sky seemed dark with their wings and the air seemed to 
pulsate with their wild cries. The people were fearful that a new 
enemy of destruction was upon them until they saw the gulls alight 
on the fields and begin to devour the crickets. As the gulls came 
by thousands it was but a short time until the fields were cleared of 
the pest, nnd then the gulls wheeled into the air and departed for 
their island homes. It is no wonder that the people look upon the 
advent of the birds as a direct answer to their appeal to God and 
that even to-day the gulls are regarded as the great protectors of 
the Mormon people. 

The gull has been selected as the emblem of the State, and the 
monument recently erected in Temple Square (Pi. XCIV, A) is in- 
tended to express the gratitude which the Mormon people feel for 
the deliverance from the disaster that threatened the early settleca 
The gull also appears on the main piece in the handsome silver 
service given by the State to the battleship Utak, 

Temple Square is the center of the Mormon stronghold in the 
city, for around it are clustered many buildings of historic interest 
and also those used by the church at the present time. These build- 
ings include the new Utah Hotel, built by the church, the churdi 
tithing house, Lion House, Beehive House (the home of Brigham 
Young and his many wives), Amelia Palace, and Eagle Gate, 
erected by Brigham Young (PL XGII, J?). Across the street is 
the great Zion Cooperative Mercantile Institution or Z. C. M. I., 
as it is familiarly called. The Deseret News, founded in 1851, occn- 
pies the other comer, and many other buildings belonging to the 
church are scattered throughout the city. There are also fine club- 
houses, a public library, and numerous skyscrapers and manu&ctur- 
ing plants. 

The city derives its water supply from the many canyons that 

seam the front of the Wasatch Mountains. The first of these 

streams to be utilized was City Creek, which cuts through the ter- 
race east of the new Capitol Building. City Canyon has been made 
into one of the most charming parks in the country, so that it serves 
the double purpose of keeping the water supply uncontammated 
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and {NTOTiding vi outing place for the people. The streams in the 
other canyons have heen requisitioned by the city^ and now much 
of the water comes from Big Cottonwood Canyon, more than 20 
miles to the south. 

The city is noted for its fine shade trees and f (ht the besutifi]! 
velvety lawns which ahonnd almost eyerywhefe, especially azonnd 
the public buildings and the handsome residflnoes on Brigfaam 
Street There are some warm sulphur springs and hatiihouses at j 
the foot of the terrace in the northwestern quarter of the city. i 

ONE-DAY TRIPS BY TtAUj FROM SALT liAKE CITY. 

A few one-day trips may be made by rail from Salt I^ke City, 
either for pleasure, for seeing the surrounding country, or ioT 
studying some of the larger mines or mining districts. 

8AXTAI& BATHZNG BEACH. 

As Great Salt l^ike js the one natural feature* which can not be 
diiijlirated in any other part of the country, people are naturally 
curious to sec it and to hnvp n chance to bathe in its waters. Manj 
are familiar with the salt water of the ocean, but a larf?e lake con- 
taining salt water is to most people a novelty. As the shores of 
Great Salt Liake are 10 miles from the city, the trip is generally ! 
made by rail. A large and ornate pavilion, called Saltair, has been 
built at the water's edge, and the traveler may enjoy bathing: in the I 
salt water or dancing in the pavilion. The facilities for dancing are 
not out of the ordinary, but the bathing, on account of the high 
mineral content of the water and its consequent density, is peculiar. | 
Only with difficulty can the bather keep his feet from rising to the : 
surface, and if he balances himself in an upright position only the \ 
lower part of the body is in the water and the head and sfaouldeis 
rise above it. On account of the heaviness of the water the traveler 
may be interested in knowing something of the history of Great 
Salt Lake, as it is known to geologists, and the reason for its intense 
saltiness.** 



"The following description of Great 
Salt Lake was written by G. K. Gil- 
bert, who made an exhaustive study of 
the subject: 

*■ Great Salt Lake baa no mtltet 
Jordan Blver, whldi oiten it fnm the 
soutlit is the outlet of Utah Lake. Bear 
River, coming from the north, carries 
tlie outflow from Rear Lake. The 
wntors of Utaii and Bear lakes and of 
Jordan and Bear rivers are fresh, and 
SO is the water of W«ber lUm, 12ie 



third jrreat tributary of Great Salt I 
Lake, but the lake iuto which the thrA? , 
rivers flow i'? saline. It is saline bt- 
cause it has no otftlet. The fregb 
waters of the rivwacontaiDSOiiieflBUDe | 
matter, but the Quantity la too ratll 
to be discovered by taete^ Aa sttted 
by the chemist, in parts per million, the 
quantity seems minute, but when ac- 
count is taken also of the tcrtal volume 
of water brought by the streams to the 
lake in a year their barden of ttUna 
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An interesting trip from. Salt Lake City is that by way of the 
Denver & Rio Grande Western Railroad throu^ Parleys Canyon 
to Park City. This trip has much of interest to almost every trav- 
eler, for the ronte follows ifx a distance the old Hbimon trail hy 
which many of the immigrants reached Salt Lake City, thus giving 
it a historic interest, and it ends at the mining town of Park City, 
one of the great gold, silver, and lead camps in the State. 

The route lies south along the main line of the railroad to Boper, 
a distance of 2) miles from the staticm at Salt Lake City* Here the 
road turns to the east (left) and pursues a nearly direct course to 



is found to be really great, 
amounting annually to more than 500,- 
000 tons. Year by year and century by 
century the water which they pour into 
tbe lake Is evaporated, but the dia- 
■dived Mlide can not eaeape In iSbat 



the rivers are BWOUen by the melting 
of snows in the mountains. Each year 
there is a fall, beginning In summer, 
when the hot air rapidly absorbs the 
water, and continuing in autumn, when 
tlie rivers are smallest. This annual 
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FkSUU 62. — Kuctuatlon in level of Groat Salt I^ke from 1850 to 1014, ft« 
gage readings or computed from precipitation records. 



way and therefore remain. They have 
accumulated until the lake water is 
approximately saturated, holding 
nearly as rnneli mineml matter as it 
can retain in solution. The lake con- 
tains Hffet 5,000,00<MXN) tons of com- 
mon salt and about 900,000,000 tons of* 
Glauber's salt, or sodium sulphate, as 
well as other mineral matter. 

" Another conseiiuence of the lack of 
outlet is that the lake varies from time 
to time in sise. Whenever the gain 
from inflenr is greater than the loss 
from evaporation the level of the water 
surface rises; when the losf? is preater 
It falls. Each year there is a rise, be- 
ginning in winter, when the cool air 
has little power to absorb moisture, 
and continning throni^ apring, when 

80607* 



oscillation amounts on the average to 
about 16 Inches. 

" In some years the rainfall and 
snowfall are greater than in ethers, 
and tlien the lake nsnally receives more 
water tiiaa It parts with, so that the 
surface is left higher than ft was be- 
fore. In a series of wet years the lake 
level progressively rises ; in a series of 
dry years it progressively falls; and 
as the rahiflOI is irregidar the floetna- 
tions of the lake are coosplcoona. 
Since definite knowledge of the lake 
began In 1850 there have been five 
periods of increase and four of de- 
crease. (See fig. 62.) The summer 
levels of 1868 and 1877 were more than 
10 feet above the summer levd o(f 1860, 
and those of 1908 and 1906 were 4 feet 
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the moutli of Paricys Canyon, so nuiied in honor of Parley P* Pratt, 
the leader of the ^ First Immigration " or handcart companies. Li 
crossing the valley the traveler may obtain a good idea of its pro- 
duotireness, for here he sees all kinds of agricultural activities- 
truck gardening, fniit growing, and live-stock raising. The area 
passed throii^jh is largely suburban, with comfortable biin<ialows 
embowered in shade. Just beyond the station of Sugar House is 
the State penitentiar\\ on the left. 

From time to time in passing across this low land the traveler can 
see the terraces back of the city, the State Capitol, the University of 



Mow that of 1880. Tlielmlofm4 
waa 6 feet above that for 1906. 
**Tiie land bordcrlns the lake has 

in many plncps a slope so pentle that 
a KmftM rhantr*'' in the hclirht of tlie 
watti- surface maken a great ( haiiiie 
in the area of tlie lake. On a map 
completed tn 1880 the area Aown la 
1,780 aqnare miles; on a map made la 
1800 it ta 2»170 aqvafo mtlea. In the 
interval between the two surveys the 
lake had ri^en 10 foet and this rise 
enlartrofl the area about 24 per cent. 
Prom the greater surface the evap- 
oration was of course greater, and 
the dependence of evaporation on area 
la thoa an Important factor in regu- 
lating the size of the lake. The effect 
of a long series of wet years Is some- 
what reduced by the resulting increase 
of evaporation surface, and the effect 
of a series of dry years is lessened by 
the resulting rednctlon of snrflMe ex- 
posed to enrapoiation. This natural 
and automatic control llmtta the range 
of oscillation and gives a certain per- 
manence to what may be called a nor- 
mal or Hveraere level. A change in 
the normal cau occur only when some 
new factor is introduced. 

*<Both man and nature have Intro- 
duced new factors and thus have pro- 
duced cfaangea in the normal level. 
The occupHtion of the mi r rounding 
region by white men lias recently 
modified the face of the land in ways 
that have a recognized influence on 
the water lerel; and the ancient hia- 
tory of the lake Includes enormous 



modmcatkms In reqNmse to chaoses 
of dlmate. 

Of human influences the most tell- 
inp hM<= arisen from the development 
of fi>rri(ii1tnre with irrigation. In 
irrigation the water of rivers and 
creeks is diverted to cultivated fields, 
which lint abSDih it and then through 
evaporation feed It to the air; and tiie 
water thoa consumed hy utHlaatioB 
is lost to the lake. With the gradual 
enlargement of (he Irrigated area the 
normal level of the Inke is inevitably 
being lowered, and engineers are al- 
ready confident that the liigh-water 
mark of 1877 'vrill never again he 
reached. On the other hand, there is 
no reason to expect the lake's extinc- 
tion, for there is a limit tO the possi- 
bilities of irrii:,>ition, 

"The fresh watx^r lirought by tlie 
rivers mingles gradually with the 
brlne» and as the river mouths are on 
or near the eastern shore the brine is 
not so strong at the east as at the 
west. Analyses of samples of the 
brine jratbered at different points and 
in different years report the dissolved 
solids as from 13.7 to 27.7 per cent by 
weight ▲ sample taken in August, 
lfil4» contained lao per cent of soUdsL 
At the present time the average salin- 
ity of the lake is about 5| times that 
of the ocean, and its flensity is 14.5 
per cent greater than that of fresh 
water. • • • 

" The brine is weakest in the north- 
eastem arm. • * • This arm baa 
been partitioned from the main body 
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Utah, and Fort Douglas. Parleys Canyon is the second one south 

of the fort and the next one south of Emigration (Canyon. 

Tlie call} oil is iianovv and somewhat winding and in its lower part 
is rather rugged and rocky. The red sandstone and (juartzite which 
form so conspicuous a feature of the Wasatch Kange show on the 
left, but in a short distance they are cut through by the canyon, and 
then they make the great mountain slope on the right. The rock 
is resistant to weatheriii<i and stands out in great cliffs and ribs of 
red that cross the slope nearly at right angles. Farther up, the 



by the embankment of the Sonfbeni 
Padllc Co. and ia oontinuouflly aup- 
plied wiOi fredi water by Bear River. 
Ice can form on the stronger brine 

only in zero weather, hut this am 
is frozen from side to side every 
wintpr, and sleighs liave l>een driven 
across it. 

"Tbe only climatic element wltb 
whieh tbe lake oflcfllatlons liave been 
connected by direct observation is pre- 
cipitation — the lake rises or sinks as 
the fall of rain and snow is great or 
small — ^but it is <'asy to understand 
that the balance between supply and 
loss of water may also be disturbed 
by any ebange of cUmate wblch atESects 
tbe rate of evaporation. As every 
laundress well knows, evaporation is 
favored by boat, by drynoss of the air, 
and by strength of wind and is re- 
tarded by col6, by moisture in the air, 
and by calm. So there are at least 
foor ways in wbidi cbanges of climate 
may cause tlie lake to expand or con- 
tract ♦ * * 

" The only permanent animal inhab- 
itant of Great Salt T^ake Is a tiny 
* brine shrimp,' a third of an inch in 
length. A more conspicuous tempo- 
rary resident is a mSnnte lly, wbich 
passes its larval stage in the water 
and wlien its transformation tikes 
place leaves behind it tbe discarded 
skin. These flies are so nnmerons in 
their season that even the passing tour- 
ist should feel grateful that they do 
not bite. Their brown exuviae darken 
tbe water edge and often sully broad 
belts of the lake sorftce^ More deco- 
ra tive (lonizpns are gulls and pelicans, 
which And safe iMtttag groQBd on some 



of the smaller islands. There are no 
shoal-water plants, and the salt spray 
of the beach is fktal to all land vege- 
tation along the shores. 

"When the lake is low its salt Is 
segreg^ated and deposited ?n shallow 
lagoons at its margin, to be redls- 
solved when the water rises. Each 
anttinm, as the water cools, dep(»its of 
hydrated sodium sulphate (Olauber'fl 
salt) coat piles and other fixed oblects 
near the water surface, and the de- 
posits increase as the temperature 
falls. * * * Calcium carbonate — 
the mineral constituting limestone, 
travertine, and chalk— Is continnonsly 
and permanently s^rated from the 
water, which is unable to retain that 
which is broui^t to it by the rivers. 
Along the shores it form?; mJnnte balls, 
which topretber constitute sand, a sand 
quite distinct from the siliceous sand 
of ordinary beaches. 

<• Man makes little use of the lake. 
On its shores there are neither fisher- 
ies nor ports* and commerce finds it 
an impediment rather than an aid. 
Its deposits of Glauber's salts, which 
it offers for the gatheringr, are neg- 
lected l)ecause the world's demand is 
small and is cheaply met in other ways. 
Its common salt is harvested with 
great economy of effort, for impurities 
are easily excluded, and the work of 
evaporation is perfoim^^d by the sun. 
The present annual output of 40,000 
tons must be multiplied fivefold be- 
fore it can commence to weaken the 
brine; For the rest, man Is content to 
resort to its shore for bathing and to 
realize a new sensation as he floats 
upon its snrfiice." 
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canyon is rut fiuiiely in ^ray lime.stone and cnlcRreous shale, and 
here the sloius are generally >m(K»th and the caiiyoiK thoiifrli V- 
shaped, has not particularly stoep walls. The canyon continues to 
widen and the surrounciin^^ hills to diminish in hei«ziit until about a 
mile above the station of Dale the valley is very broad and shallow. 

Here the creek forks and the railroad follows the south fork to its 
head. If the trayeler will observe closely the slope north of the 
streem at the point where it divides he will see an old road winduig 
lip ovtr the low ridge which separates it from Emigration Canyon. 
This road is the old Mormon trail. It crossed the high mountain 
that may be seen on the left, came down the north fork of the 
creek, and then crossed the divide to Emigration Canyon, in which it 
may still be seen at the point where it comes down to the creek. M 
the traveler who makes the joiimey from Salt Lake City to Park 
City hiafl an opportunity to see some of the country crossed by the 
Mormon pioneers a more extended description of the route they fol> 
lowed and the reasons for so doing are given in the following foot- 
note." 



"Although It Is probable that be- 
tween the years 1825 and 1840 most of 
the streams, valleys, and passes of the 
region about Great Salt Lake had been 
ttaveraed by bunters and trappers in 
seaidi of the beaver, these danntlefla 
explorers left few if any records of 
their explorations, and the crwlit for 
the discovery of new ronton; and thp 
making of new trails must i>e given lu 
those who first gave to the world a 
written deecrlptton «C their travda 
This Is undoubtedly true of the route 
that the Marmons followed down Emi- 
gration Canyon. It is probable, in- 
deed almost certain, that Jim Bridpcer 
was familiar with every valley and 
canyon and mountain pass in this 
region long befote the advent of the 
Mormqin pleneers, but the Information 
was never published, and it was circu- 
lated only fiom one trapper to another 
by word of mouth. 

The main route through this western 
country until 1846 was the Oregon 
Trail, which crossed southern Wyom- 
ing to Jim Bridger^s fort, near the 
southwestern comer of the State, and 
then turned sharply to the north and 
passed through Idnho. Emigrants to 
Oregon and CaUfoiuia tcaveled to- 



gether by tlie usual route up Platte 
Uiver, along the Sweetwater, and 
through South Pass to Fort Bridger 
and then to Bear River valley. They 
followed this stream as far as the soda 
springs, where those for Oregon turned 
north to Fort Hall, and those for Cali- 
fornia followeil Boar River fiouthward, 
until at a point witliin 10 miles of 
Great Salt Lake they turned to the 
west to Ogden Uiuniboldt) River. 
(See fig. eS.) 

The route thus described was fol> 
lowed until 1846, when tiie emigranti 
destined for California were met in 
the region of Fort Briilcror, which pre- 
viously had been aljai' l* iii il. by Lans- 
ford W. Hastings and James M. Hud- 
speth, guides, who induced 1^ emi- 
grants to try shorter routes than that 
by the soda springs. One of the pa^ 
tles» which was guided part of the 
way by Hudspeth and equipped with 
pack mules, followed down Echo 
Canyon and Weber River along the 
present route of the Union Padile 
Railroad to Great Salt Lake. This 
party had little difficulty and was one 
of the first of the seascm to reach Cali- 
fornia Two parties pruided by Hast- 
ings had much difficulty in finding a 
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The railroftd climbs steadily and makes several loops in order to 
decrease the grade and finally arrives at the summit at the siding 
of Altus (6,900 feet), about 2,700 feet above the starting point at 
Salt Lake City. By several loops and curves it descends on the east 
to East Canyon Creek at Gogorza and then follows up that stream 




FicUKB 63. — Map 8howiDK old trails for Oregou aud Califoruia. 1, Weber Canyou route; 

2, Bft8t Canyon route ; 3, Parleya Park route. 

to Kimball. Althou«ih the ori^^inal trail by which Brigham Young 
and his party of {MonoiTs entered the valley of (ireat Salt Lake came 
Tip East Canyon Creek and crossed the crest of the mountains north 
of Altus at luarh' its hi«^hest point, this trail was used only a short 



way for their wagous through Weber 
Canyon and were so much delayed that 
they were the last to cross the Sierra 
Nevada that season. On account of 

the difficulty experienced in Weber 
Canyon, Hastings jidvisrd some of the 
j)artio>? foHowin^r to takt* a route 
fjirtlier soutli, passing around the soutli 
end of Great Salt Lake. This was 
partly explored the previous year by 
Fremont and later became known as 
the "Hastin?r« rut-off." 

TIm' ill fitted 1 )onner party, which 
left Fort IJrid-cr on July 28, 1840. 
were undecided which route to take. 
As they were only a few days behind 



Hastings a messenger wus sent ahead 
to confer witli him. He advised the 
"cut-off/* and as a result the party 
proceeded down Weber River only to 

the bead of the dreaded canyon, 6 
ndles below the mouth of Echo Can- 
yon, ut a point where the station 
of Henefer is now situated on the 
Union Pacific Railroad. Here they 
turned to the left and crossed over a 
divide and down a ravine to what is 
now l{:nown as East Canyon Creek, m 
route pnjbably as rupgefl as the one 
they were tryiuK to avoid. They fol- 
lowed this stream up for a distance of 
about 8 miles through a very rocisy 
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time, for three years later the incoming bands of Mormons, instead 
of following Weber River downstraftm from the mouth of £cfao 
Canyon, turned up Weber River and were soon in the open valley 
where Coalville now stands. They continued up the Weber to Wan- 
ship, where they turned to the west, and after crossing a low, flat 
divide reached Parleys Park at Kimball. From this point their 
route practically followed that of the railroad, crossing the summit 
at Altus and continuing down Parleys Canyon to the Salt Lab 
Valley. Over this trail came the "handcart companies'' of 1896 
and most of the Mormon emigrants who entered the valley prior to 
the building of the Union Pacific Bailroad. 

The Denver & Rio Grande Western Railroad continues to the 
southeast from Kimball through a wide flat known as Parleys Park, 
crosses a divide so low that it is all but imperceptible^ and then iol- 
lows up one of the head branches of Weber River to Park City. 
Parleys Park is at so high an altitude that the ordinary crops can 
not be grown satisfactorily, so it is devoted ahnost exclusively to 
stock raising. It ctiiitains fine fields of hay and pasture, and the 
surrounding mountains afford ample range. 

The Wasatch Mountains are noted for the brilliancy of their an- 
tumn coloring, and should the traveler pass this way in the earij 
autumn, after the first week in September, he will doubtless see a 



canyon and then turned to the right 
and afloended a tributary stream which 
heads in one of the high summits of 

thp Wasatch Ranpre. Tliey crossed 
this suinnilt atui descended the uorth- 
em branch of what is now kuown as 
I'urleys Cauyou. This they followed 
until the canyon dosed In about tiiem 
and then they crossed the low ridge 
on the rifi^t into what is now called 
Emigration Canyon, and this they de- 
scended to the main valley. The road 
was so rough and nunintainous tliat 
it took them 16 duy» to travel from 
Fort Bridger to the valley of Great 
Salt Lake. This delay and the dltfi* 
cnlty which the party e^oca'Ienced in 
the desert around the south end of 
Grtilt Salt Lake caused them to he 
t)vertaken hy winter in the Sierra Ne- 
vada, and liere llie wliulc party would 
have perished had they not been res- 
cued by men amt out from the mining 
camps of Oalifomla. At any rate, 39 
of the 87 persons in the party died of 
cold and starvation. 



Many have wondered why the llo^ 
mon pioneers followed this route In- 
stead of keeping down Weber Canyon 

and reachlnf? the vn}}py nt Ogden. It 
seems almost certain tliat they iiadr 
while at Fort Bridger, determined 
upon their future location, provide!! 
the soil was found to be suitable fw 
agriculture. As the location was pnfr 
tieally decided upon it was only oat- 
tiral for them to take the most direct 
mute, which was evidently the so- 
( ailed Hustings cut-off, or the Emigra- 
tion Canyon trail, as it was known to- 
after years. Besides, they knew that 
the trail was passable, for the Doaatf 
party had cleared it out the year t>e- 
fore. A glance at the^ap will show 
that the Mormon trail is a naich 
more direct route from Fort Bridget 
to Salt Lake City than the route 
through Echo and Weber canj'ODS bf 
way of Ogden. Some of the old 
is still visible in Bmigration Oanyon, 
which Is one of the points of tabtr^ 
about Salt Lalce City. 
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riot of color on the mountain sides, the dwarf maples showing^ great 
streaks and splotches of the most vivid scarlet and the aspens rivaling 
them with a blaze of yellow. 

The ores mined at Park City carry silver, gold, lead, zinc, and - 
copper. At the end of 1920 the camp had produced 142,490,000 
ounces of ^ver, gold valued at $4,603,000, 661,000 tons of lead, 
37,000 tons of zinc, and 17,000 tons of copper. This was mai^eted 
for over $183,800,000. The ore occurs as vein fillings or in bedded 
la^ ers in the sandstone and limestone of the Carboniferous system. 

BXHGHAK, THB GBXAT COPPE& GAXP. 

A visit to Binjzham can hardly fail to interest the traveler, for 
almost everyone enjoys seeinni- the wonderful things man is accom- 
plishing, even though he may not be interested in them financially or 
professionally, and nothing more spectacular than the mining in 
Bingham Gulch can be imagined. In a visit to most mining districts 
the traveler actually sees little of real interest. He may be told that 
this or that mine has produced so many millions of dollars, but great 
dump heaps and mine buildings fx^ about all he sees, and he gen- 
erally leaves the camp with a very hazy idea of what actually takes 
place in the mine, for he can not see the work that is being done ; but 
in Bingham it is different. Here he can see the work actually in 
progress, and he can almost watch the movement of the ore from the 
time it is gathered up by the giant steam shovels until it is delivered 
to the smelter. It is a wonderful sight that can be rivaled only at 
some of the great iron-Kire mines of Minnesota. 

In order to reach Bingham the traveler has the choice of three 
routes: He may go by train on the Denver & Bio Grande Western 
Bailroad or the Los Angeles & Salt Lake Bailroad, or he may go 
by automobile stage or private conveyance. As the camp should be 
approached by the route that will give the best view with the least 
effort, for the sake of first impressions, the writer would recommend 
that the traveler take the Los Angeles A Salt Lake route, and then 
he may return if he wL^es by any other of the routes menticmed. 

In going to Bingham by way of the Los Angeles & Salt Lake Bail- 
road the traveler goes to Garfield on the main line toward Los 
Angeles. In this part of his journey he has a good opportunity to 
see the great flat plain at about the level of the lake, which stretches 
from Salt Lake City to Garfield, a distance of 15 miles. Near Gar- 
field he may see on the iiorLh (right) the pavilion at Saltair and 
some of the salt-manufacturing plants in the vicinity, but they are 
so far away that he may not be ahle to distinguish details. He 
sees little or nothing of the lake, for it is far to the north. The 
town of Garfield was built to accommodate the workers in the Gar- 
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field smelter, which was put in operation ia 1906. The smelter is 
not visible from the train, but the high stack rises from behind tlie 
sharp point of rocks on the right as the train makes the curve into 
Garfield. As few travelers are familiu with the smelting of ores, 
a brief description of the work carried on in the Garfield smelter, as 
well as in those seen at other places along the railroad, is given bj 
C. N. Gerry in the f ootnote.** 



"a smelter 1»< sin pstnhlishuifTit 
where ores are reduced to the metailio 
state or to matte (pronotmoed mat; 
crude metal eootaliiUig tnlplinr, whldi 
needs ftortlier pnrlflcatioii) by meltp 
lug in a furnace. This statement is 
irimpl*», hut the Hrtnnl worklnir f>nt of 
the proceas is often U nKthy aud com- 
plex. There are many kiudg of smelt- 
ers — irou, zinc, copper, and lead smelt- 
ers In the Eaat and principally copper 
and lead unelters In the West Some 
plants are eQQipped ft>r smelting both 
lead and copper and for pr(ulii( In^' at 
the same time gold and silver and \ <er- 
haps the rarer metals in the base bul- 
lion. The smelter at (iarileld, Utah, 
produces blister copper (crude pig cop- 
per, so called from gas blisters that 
form on the surfaos wblle oo<dlng)t 
from which gold, silver, and copper are 
afterwanl i-etiiied. Tbe dust from tlie 
furnaces is also saved, and from it are 
obtained gold, silver, and lead. Tlie 
SBMAter at Murray produces principally 
load bullion containing a small per- 
eentage of stiver and gold, a matte 
containing copper as well as the pre- 
cious metals, and arsenic from the flue 
dust. At tlie Midvalf' smelter the prod- 
ucts are much the same as those of the 
Murray amelter, but In addition tbe 
metal cadmium ia obtained. Some 
smelters operate ooucentration mills 
In oonjuncti<m "with the furnaces, in 
order to make a higher grade of ore 
by rejecting a part that is worthless 
or to separate one kiml ot ore from 
anotb^. 

In the early days some of the mlnss 
were equipped witb smaU. furnaces, 
hut as these were generally crude the 

losses in slag and fnmes were preat. 
Mine smelter^} have been geuerally 



abandoned, and now It Is more eco- 
nomical and convenient to ship the 
ore to a cmtraiiy located custom i^Lant, 
where it Is smelted with oree from 
other mines or even other dlstricta. 
The ore when received is usually 
crushed and cHrefnlly tnixed, and a 
small sample is taken that will repre- 
sent the entire lot. Thi^j sample is 
"assayed" both by tbe mlniog com- 
pany and the smelting company. That 
Is, it is tested to ascertain how much 
of each of the metals it contains. The 
assay at the smelter is often watched 
by ref)resoutatives of tlie mining com- 
panies called " nioociiers." If the as- 
says of the owner and of the smelter 
do not agree clos^ an umpire a8> 
sayer is called upon to analyse a third 
sample, and the differenoee are- ad- 
juste<l by arbitration. The ore ifi then 
paid fnr nrcorfiiiig: to current metal 
price-s less lixed deductions for losses 
in the process, penalties for objection- 
able ingredients, and a definite charge 
for smeltlng-Hill these Items being 
frequently covered by ooatiact. Tie 
ores that reach a custom smelter diflBr 
greatly in thei r roraposition ; some con- 
tain lead or copper as sulphides with 
gold and sliver; others are oxides or 
carbonates that have lost the sulphur. 
Pyritic or iron sulphide ores often ced- 
taln gold and silver, and a fkmtliar 
ore is one that contains much silica 
or quartz with gold and silver. The 
western sulphide ores frequently con- 
tain much zinc, which Is objectionable 
in lead smelting and is ordinarily pe- 
nalised by the smelters wben above a 
certain percentage. If the ore con- 
tains much sulphur, as it commonly 
doei^, it r<M'eives a preliminary treat- 
ment in roasters. Some of these roast- 
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From Garfield the route lies almost south along the eastem loot 
of the Oquijrh B«nge. At Arthur and Magna there are large mills 
for crushing and concentrating the copper ores of the Bingham dis- 
trict The Magna plant (see PI. XCVI, A) has a capacity of 14,000 
tons daily of low-grade ore, and the Arthur plant of 10,000 tons. 
Fxom Magna southward the train runs over the tracks of the Bing- 
ham & Garfield Railway, which was built in 1911 for the sole pur- 
pose of transporting ore from Bingham to Garfield. This road is 
said to handle a greater tonnage of freight to the mile than, any 
other railroad in the United States. 

After leaving Magna the track winds up the slopes of the moun- 
tain, but as it traverses mainly the sand and gravel depooted in 
ancient Lake Bonneville, there are few rock cuta In this interval 
the traveler has several excellent views of the terraces of Lake Bonne- 
ville (see PI. XCVI, B), and as thf truLk enters fclie mouth of Bing- 
ham Canyon the road has attained about the level of tlie highest or 
Bonneville shore line. * 



era ave circular, about 22 feet In di- 
ameter, and have a nmnber of bearths 

on which the ote is slowly " rabbled " 
or raked by arms that extend from 
the center. After entering at the top 
and passing over the hearths it has 
been relieyed of most of its sulphur 
and Is then dumped Into cats. An- 
other type of roaster prodnces a oo- 
hexent mass called ^ter» which natu- 
rally makes a less dusty charpe for the 
blast furnace. In some places a series 
of pots are used In which tlie sulphur 
is burned off by the aid of a blast 
after the hitroductlon of bunihtg coaL 
Years ago at Butte, Mont, the ore was 
roasted in the open air on piles of 
Gordwood, but the farmers objected to 
a process which permitted the escap- 
ing gases to destroy vegetation. Tn 
most places, therefore, the smoke and 
gases are now carefully diverted and 
treated. The result is that farms now 
thrive dose to smelter stacks, and the 
smelters make a much better saving 
of metal. 

The blast furnace in common use is 
upright and has a rectangular cross 
section. It is cooled by a water Jacket, 
and the charge on the hearth receives 
an air blast, as its name impUes. For 



the best results the diarge must be 
carefully calculated and weiifhed. It 
usually consists of about 75 per cent 

of ore that has been previously 
roasted, mixed with coke, limestone, 
and old scrap iron or slag. After 
smelting has been iu progress several 
hours lead bullion forms In the cru* 
cible. If the charge consisted of lead 
ores, and sla^ and matte flow into 
special cars. The bullion is skimmed 
to remove tlie dross or impurities and 
then east into l)ars, wliicli are sliipptnl 
to refineries where Liie gold, silver, 
and lead are separated. The slag, 
which contains iron, silica, and other 
substances, is discarded, and the matte, 
which contains gold, silver, copper, 
and lend, is either crushed and re- 
turned to the blast furnace or shipped 
to a refinery. Some plants use rever- 
batory furnaces in smelting lead ores 
that contain little silica. These fur- 
naces are horis<mtal and combine 
roasting with reduction. The product 
is lead bullion and a n'sidne which 
may he treated in a blast furnace. In 
all these operations, but especially in 
the operation of the blast furnace, the 
draft of air takes up small particles of 
ore, and the intense heat VQlatilixes 
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By climbing steadily from Garfield the railroad is here about M 
fiMt above the bottom of the canyon, and the traveler may look 
down on the left and note all the actiTities of a mining town. (See 
PI. XCV, A.) The canyon is very narrow, and the torn consisteoi 
a single street with scarcely room enou^ for houses' on both sidM. 
The yiew tem the train would he fine were it not that the roid is 
chiefly carved through the mountains. From time to time tiie tnin 
emerges from the portal of a tunnel and crosses one of the ade cin- 
yons on a steel trestle 200 feet or more high. The traveler may thai 
have a good view of the canyon, but the mines are mostly above fiw 
town, 80 that they are not visible until the train stops. 

When the traveler alights from the train he finds himself high up 
on the side of the canyon and at its largest fork. He may well stop 
here to look at the surroundings, for it is doubtful if he will find as 
good a viewpoint without considerable climbing. He may look in 
vain for the mines, but instead he will see the wall of the canyon 
befoi-e him creased with horizontal benches and on each of these 
benches an enormous steam shovel lifting the ore and its overburden 



some of tlie metals, such as lead, sine, 
and aisenlc. Tbe fumes are therefore 
toraed down into long semicircular 

flnos, whf»re the dust particles collect, 
or they are cooled and condensetl tf> 
solids in chambers. In some plants 
the particles are collected by being 
I»assed through pipes fitted with a een- 
tnil tnsalated wire, the pipe and wire 
formlns the two poles of a hl^-tenslon 
eleetric Held. The dust becomes 
charfTf^d with electrostatic energy and 
is driven to one pole of the field, where 
it accumulates and is periodically col- 
lected. Arsenic Is also saved by pass- 
ing the fames thiongh thousands of 
woolen bags treated with sine oxide or 
lime. At present many plant- n=^e the 
fumes In the manufacture of sulphuric 
add, which is again utillzf'd iti the j 
leacldncr of copper ores. Thest^ devices 
have bruuglu a great change in nmelt- 
ing. Many years ago a dense volume 
of smoke markdS the poettton of the 
smdter stack, but now the smoke nui- 
sance Is largely abated. 

Copper smelting to a certain extent 
is similar to lead smelting, but the 
products must be treated somewhat 
differently. Roasters, reverberatories. 
and blast funiaoes are used, but the 



operation of the blast fUmace, instiid i 
of making copper bullion, resulti Id | 
cc^per matte, a product that contains 

copper, milphur, and iron. This niatt? ' 
is nL'ein treated In converters which 
have an opening in the top to dispof' 
of the fumes and to receive the nmtte 
when the converter is charged. An 
intense blast of air Is forced In fr«B 
the sides, allowing oacygen to comUne 
with the sulphur and form sulphurous 
gases which are led awny from the 
top, and after about 2 hours the matte 
is " blown " into tlie product known ^ 
blister copper, which contains alKNit 
96 per cent of pure copper. If mneb 
gold and silver is present the bUsttr 
copper is furtiier refined. 
A large copper smelter in operation 
I is a most impressive sight. Tt con- 
sists of a row of blast furnaces belch- 
ing forth white-hot slag. Strings of 
cars take the fiery material to the dfll 
dump, and i^owing streams of tlie 
melted matte flow from the furnaces 
Into large kettles. Traveling cranes 
pick up the kettles and pour the molten 
matte into the converters, where, with 
«n intense light, the work of "blow- 
ing " begins, which changes the niitt» 
to blister copper* 
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A. BINC.HAM CANYON. 

View of the cunyoa uliove ihc mouth of Carrs Fork from the ntation of the Ixm Auk^^Ics & Salt 
Lake RaUrond. Tho copper ore is mined by slcam shovels nn<l loade<l directly into railroad cars, 
which arc run on all the lcv «?ls. It is tlien taken to the mills for concent ration, and the concen- 
trate goes to (lurlield for smeltin;;. IMiotot;raph liy Sliiplers, Salt Lake City. 




li. hin(;ham mine ov utah coppeh go. 

Near view «>f the cop|>er mine, showinft mast of the 24 levels upon which excavalini; wf»rk is ttointc 
on. The levels extent! from t?ie bottom tc» the lop of the canyon wall, a vertical distance of about 
1,600 feet. About 21,000 tons of material is handltMl daily in this mine. l'hotot;raph by Ship- 
lors. Salt Lake City. 



U. 8. OEOLor.ICAL SURVEY BULLETIN 707 PLATE XCYI 




A. MAGNA MILL OF THE UTAH COPI'KR CO. 

The Ma^na mill, at the north riid of thn Oqiiirrh M oiiiitaiiis, wan hiiilt to concentrate a {>urt of 
the copper ore mined at Bingham. It treats more than lU.OOO lonn of ore daily. Above the 
mill may he sinmi some of the terruci^ of old Lake Honnoville; the iippcrfnoHt is the Bonneville 
Hhore line. I'liotopruph hy Shiplers. Suit Luke City. 




B. BONNKVILLK SHOHK LINK ON WASATCH MOUNTAINS. 

Near view of t)ie west fuce of the Wasatch Mountains stiowinK the horizontal band across the moun- 
tain front that looks like a well-jfradwl road. This is the beach ciil by the wuvcs of Lake Bonne- 
ville when itstiKMl 1, 000 feet higlier than the wuter stunds lo-duy in Orcut Suit Luke. Photograph 
by Shiplers. Suit Luke ('ity. 
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upon waiting cars.'^ (See PL XOV, B.) When the cars are full 
they are drawn away and made up into trains to be sent to the concen- 
trators at Magna and Arthur. The aide of the canyon in front of 
the traveler is 1,600 feet high, and it is divided into 24 steam-shovel 
levels, on each of which is a railroad track. At present about 60,000 



C. X. Clerry j,'lves the following ac- 
count of the developuieut of the mines 
at Bingham und the wonderful work 
tliut is now being done there. 

About 26 miles soathwest of Salt 
Lake Qtyi In a narrow canyon, is the 
town of Bingham, which has been a 
mining center since ISGo. Recently the 
camp has nssuincd ;;reiit iniportanre, 
nnd at tlie present time it la unique 
among producing regions in ihut it lias 
tlie largest abm^ copper mine in the 
trnited States. Up to 1900 tbe camp 
Iiad been producing metals Tallied at 
more than a million dollars a year, and 
that vvas regarded as a large fnitpnt. 
The pro<luction jumped to $3,0CK).000 in 
1901, to $39,000,000 in 1915, and to 
$72,000,000 ia 1917. In 1918 it t&l to 
182,800,000, in 1919 to $27,900,000, and 
In 1920 to $27,500,000. As a spot of 
beanty or a model of cleanliness the 
place is not worth noting, but its 
gigantic mining operations are cer- 
tainly impressive. 

The history of the first mineral dis- 
ooYery is mmsaal, for ore was found 
in 1868 by soldier prospectors under 
Gen. P. E. Connor, who was stationed 
at Fort Douglas. While the Indians 
were quietly hunting and the Mormons 
were peacefully pursuing agriculture 
and irrigation, the soldiers, who were 
from Oalifomia, were engaged in the 
aeardi for mineral wealtlL 

Althongh the district was never 
famous as a source of free gold, ron- 
siderahle placer mining was done about 
1865 in the vicinity of the present 
town of liiugiiam and for several 
miles east along the canyon. Tbe first 
shipment of copper ore, which was 
made in 1868, was itatiled to a station 
on the Union Pacific Railroad and 
was shipped tc P.nlti?i;nrt\ Not until 
1873 (lid railroad conneiliiui with the 
outside world give an impetus to 



genuine developmeut. About this time 
the adverse attitude of tlie Mormons 
changed, and tlie cliurch began to en- 
courage the mining industry. Then 
followed a period of lead mining, 
which was fairly saccessfUl while the 
oxidized zone was being exploited. In 
tlie early eighties several stamp mills 
were erected to treat oxidizprl ^nUl 
ore. Then other lead carbonate boiiies 
contaiuiug silver were successfully 
mined until the decline in the piioe of 
silver in 1898. This period was fol- 
lowed by the development of the heavy 
copper and iron sulphide ore, which is 
a conspicuous ore of the camp even at 
tbe present time. It contains about 30 
l>er cent of iron, 30 per cent of sul- 
phur, and a few per cent of copper. 
The problem of economically treating 
it was not solved until 1899, wh^ 
cient smelting plants were constructed. 
Most of these plants were built in the 
Salt Lake Valley east of Bingham. 
As tlie lead mines became deeper sul- 
phide ore began to appear, which 
added other difficulties to be overeoine^ 
Some of this oie was sufficiently rich 
to be shipped at a profit, but much of 
it required concentration, so plants 
using crushers, rnll<^, jigs, and cou- 
ceutratiou tables were erected. Sev- 
eral times these plants, as well as 
dwellings, have met with disaster 
when a large boulder or even a de> 
railed engine rolled down the steep 
hillside. When much zinc sulphide oc- 
curred witli tlie lead the smelters im- 
poiied a penalty, but later, when the 
zinc was separated, It became a valu- 
able product Not until 1909, how- 
ever, was the sine product sold. At 
present the entire output of tiie dis- 
trict is shipped and concentrated, or 
separated, and smelted. So the camp 
tias liad a great variety of ores, from 
simple free-gold ore aud oxidized cop- 
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tons of material is being handled daily, of which 38,000 tons is cap 
rock and 22,000 t<»i8 ore. 

Ab seen from the station of the Bingham A Garfield Railway 
the canyon remablcB a ttarj scene. Here and there on the mountaiii 
side gnomes and dwarls are digging their way along its front. Puffs 
of steam show the location of tiny steam ahovek laboring away to 



I>er and lend ores to dlfflcult sulphides | 
of iron, lead, copper, and zinc, even 
down to tlie fuiuous low-grade dis- 
seminultHl ore contaUilug specks of 
copiier tolptilde that constltates the 
balk of the copper ore mined at tbe 
present time. 

Tlie treatment of the ore has kept 
pnif» with discovery, gradually de- 
veloping from the panning of placer 
gold and the amalgamation and cya- 
DldatloD of gold and silver ores to the 
GoncentiEtlon and separation of cop- 
per, lead* and zinc ores. The onelting 
has grown from tlie old furnnoe that 
looked like a stove to a plant that 
covers hundre<ls of acres. 

Al>out 190O events of real import 
anee to Bingham^s growth began to 
occur. In that year the output of 
gold, silver, copper, and lead had a 
value of over $l.i>(K),OfKl, and there was 
a :reueral consolidation of n\inln>r 
property in order to effect evuuomy in 
operation, and the huilding of large 
smelting plants to treat these eres 
began. 

In 1902 the United Bt&teB Smelting & 
Refining Co. constructed a plant at 
Mfdvnle. east of Bingham, to treat 
1.000 tons of copper ore a day. and 
later the company built a lead plant to 
treat 400 tons a day. At present this 
plant has developed into one that 
treats 1^500 tons a day, and the copper 
furnaces are idle. A copper plant was 
also erected in ttic Salt I^ake Valley 
by the Bingham Copper & Gold To., 
whidi owned large interests at Bing- 
ham. The Highland Boy mine de- 
▼doped so extensive a body of cop- 
per ore that a smelting plant was 
built near Murray. Both these plants 
operated for years but were afterward 
dismantled. Ore from the Yampa mine 



was treated in a copper plant in the 
canyon below the town. The American 
Siiieltiug & Refining Co.'b lead plant 
at Murray, with eight blast furnaces, 
was erected in IfNU; it had moch to 
do with the exploitation of lead ores 
from Bingham. .There have been sev- 
eral concentration mills close to th^ 
mines, such as the Utah, Apex, Bine- 
ham, New Haven, and custom mills, 
but a considerable proportion of the 
lead-adnc ore is now shipped to Mfd- 
vale, where it is concentrated and aeps- 
rated into lead and sine products. 

The operation of these mines creat^l 
a maze of underground workings, milts 
in extent. Without a map or guide 
traveling in the tunnels is dangerous. 
Some years ago a Mexican criminal 
by his knowledge of the woiUngs of 
the Apex mine, succesded in eluding 
the sheriff who was pursuing hira. 
How he got out and where he went is 
one of the mysteries of Bingham. 

In 1905 the 21 mines in operation pit>> 
daced more than a million tone of ore^ 
which was valued at neatly $10,000,0001 
As many of the mines are several mfles 
from the railroad terminus, it was 
necessary to hanl the ore by teams or 
to use transportation tuiuu Is or aerial 
tramways. Several tramways lead 
down the canyon or over the crest of 
the range to the International smelter 
at Tooele (too^Il'y), which in October. 
1916, was treating 1,200 tons of copper 
charge and 1,300 tons of lead charge 
daily. 

Altliough the ores mentioned have 
played an important part in tiie past 
development of Bini^iam, they are now 
of lees relative value, fbr the great 
work of to^y is the mining, concen- 
trating, and smelting of copper ore, 
which averages about 1.5 per cent of 
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lielp tear down the mountain. Locomotives with lon<i: lines of ore 
cars Rliiittle back and forth across the fare of the mountain, at times 
directly above the spectator, then a^ain far below. It seems to be 
pandemonium let loose, but out of it comes the ore in a steady stream 
that makes the spectator wonder. 



metallic copix»r. This ore occurs as 
grains of copper sulphide disseminated 
In a large mass of monzmiite. 

From 1908 toJL909 the Boston Con- 
solidated MIninjr Co., which oiierated 
mi part of tliis prronnd, used stonm 
sbovels and prodiu-^Hl ovf>r 43,000,000 
pounds of copper. Tbt* ore averaged 
1.65 per cent copper, or only 33 pounds 
of copper in 2,000 pounds of ore. The 
loss in milling reduced this flgnre to 28 
pounds actually reooTcrpd. 

In 1904 the Utah Copper Co. built 
ihf^ Copperton mill for expcriinontal 
work in tlie lower canyon. As the 
work progressed the mill was in- 
creased in size until it could treat 900 
tons of ore a day. At the same time 
underfrround development was proceetl- 
ing, and in 1fK>6 it nraounted to nearly 
18 miles. The phui was to extract ore 
by the caving system, i)ut when some 
idea was gained of the extent of tlie 
ore body and the amotoit that would 
be required to make a sufficient ton- 
nage of commercial concentrate, steam 
sliovels were put to work. These 
shovels have been used ever since, 
partly to load ores oti cars for milling 
and partly to remove the top or cap of 
the deposit, a brown oxidized material 
from which part of the copper has been 
removed by natural leaching; A photo- 
grapii talcen in 1906 Shows onfy one 
steam shovel, and that one wftF at 
work on the capping. Trees still grew 
on the hillside, where apparently siight 
change bad been made on the surface. 

In 1900 the property of the Boston 
Oo. was consolidated with that of the 
Utah Copper Co.* whioh thus acquired 
740 acres of mineralized territory, 
most of which is north nnri ^vest of 
the main canyon. When tiie liii^t mill 
at CoppertOD proved that the ore 
eomd be successfully treated the 



Ma^rua mill ( i*l. XCVI, .1), 15 miles 
north of Bingbam, was constructed, 
section by section, until its capacity 
was 4,000 tons of material a day. 

The ore was concentrated at the ratio 
of 20 tons of ore containing less than 
2 per cent to 1 ton of concent rnte con- 
taining about 2,1 iH»r cent ci»ppcr, leav- 
ing 95 per cent of the original material 
to be discarded as tailing. The de- 
velopment proceeded so rapidly that 
the company was reorganized many 
times. In 1904 it was capitalized at 
?4..'^00,000, and in lOl'i its capi- 
talization reached .$2.5,0(Xi,OW. To in- 
crease tlie extraction of ore the only 
thing necessary was more steam shov- 
els. The solitary shovel of 1906 had 
22 companions in 1910. Dut trans- 
portation and milling had to keep pare 
with mining. The Garfield branch of 
the iJcnvor & Rio (Tmiide Railrond 
hauled an immense tonnage, but in 
1911 the Utah Copper Go. constructed 
a railroad from Bingbam to Garfield, 
a distance of 20 miles, in order to meet 
its needs. 

After the property of the Boston 
Consolidated Co. was tal^en over the 
3,000-tou miii near Garlield was re- 
modeled and enlarged. This mill was 
later called the Arthur plant It 
treated 8,000 tons ef ore a day In 1010 
and 15,000 tons hi 1918; the Magna 
mill trentor! I0,f>r)0 tons of ore a day 
in 1910 nnd 18,<J00 tons in 1918. The 
Magna plant was shut down in Feb- 
ruary, 1919. In 1920 the Arthur plant 
treated 5,600,000 tons of ore. A mill 
treating 500 tons is considered a fair- 
sized plant, but these mills require 12 
trains a day hauling 40 cars of 50 
tons of ore each. The Magna plant 
alone covers 20 acres, and the com- 
pany owns an immense acreage for tlw 
•disposal of the tailings. Like most 
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The town of Binfjham may be as interestinjr to the traveler as the 
great mines that give it life. Through force of circumstances it is 
a one-street town, and this street winds and twists with the winding 
and twisting of the nanow canyon. The street is so narrow that 
the traffic is accommodated with difficulty. By patience teams and 
wagons are maneuvered so as to allow automobiles to pass, but even 
these autocrats of the highway are sometimes involved in an almost 
hopeless tangle. Besidences have been built wherever there was 
apace; if this space was on level ground so much tha better, bnt it 



plMnfs of this rhnritofer. If Is luiilt on :i 
Fiill^ule SCI that the ore may pa!^.s by 
gravity from one process to another. 
The ofe Is groand veiy fine. After the 
material bas been well classified It 
reaches tables and vanners. The table 
has a plane surface, which is tilted at 
!m nnplo nnd partly covered with rifflos 
or strips of wood. As the machine is 
agitated the water carries the lighter 
gangae or waste material over the , 
edge^ sepamtiDg It trim the heavier 
copp^ and Iron minerals held by the 
riffles. A well-managed tahle will 
sometimes distinctly show throe differ- 
ent minerals, such as load, zinc, and 
iron sulphides, whirh liave been sepa- 
rated because of their difference In 
weti^t This machine applies the ivrin- 
dple of wet concentration. The prln- 
ciple of flotntton is the direct oppo- 
site of this principlo. for the heavy 
metallic pnrtic1o« in thp tlntRtinn proc- 
ess float on a froth after tlie finely 
crushed ore is mixed with oil and air. 
Bzpoiments with llotatioii are going 
on at Magna and Arthur, and if this 
system la wed in c<m}anctlon with wet 
eracentration the saving from losses 
in tailing will probably be increased 
about 20 per cent. At present the 
mills save 63 per cent, or about 18 
oat of 28 pounds of copper. A ton 
of tiie ore treated wonld make a eabe 
aboat 28 inches on a side, but the 
copper recovered would be only about 
a 4-inch cube. An additional 5 pounds 
to the ton amounts to a large increase 
in production if 8,000,000 tons are 
treated each year. If flotation can 
make a better saying on the sulphide * 



ore nnd the lonchinfr process can b*> 
used in treating: the oxidized portion 
the future will be bright, especially as 
the company estimates the life of the 
mine at over 00 years. When copper 
is 25 cents a pomod ore is worth of«r 
$4 a ton at the present rate of savin?, 
and all cost.s of mining and treatmeit 
an' less than $1. 

The great work of miniug may be 
observed from the station of the Bing- 
ham & Garfield Railroad. In the view 
looking south, as shown in Plate XCV, 
n, the Denver & Rio Grande Western 
tracks circle the hills on several levels. 
The northern side of the canyon is 
served by the Bingham & Garfield 
road. The work of the steam shovdB 
can be seen to better advantage if one 
walks along the main canyon. The on 
body is about a mile in length and 
approximately 1,5CK) feet abnvp the 
level of the road. Over 43,(-K.Kj,i«x» toD5 
has already been renin ved from tk ' 
mine, and drilling in various parts of 
the area has shown that a total of 
890.000,000 tons Is available. Steam 
shovels (PL XCV, B) operate on a | 
great many levels, from the base of the \ 
hill up tn thp vprv summit, wherp the I 
cap is being reuxn ed and dumped near 
the old Jordan mine. In each seoopful ! 
the steam shovel lifts 4 tons of the i 
ore into cars. The mining; handling, 
and concentrating on a large scale by 
the Utah Copper Co. of this great mass 
of low-frrRde orp, which for n long time 
was considered too poor to he of value, 
has revolutionized Bingham. The out- 
put of the Utah Copper Co. has grown 
rom 3,000,000 pounds of copper in 1900 
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was not left vacant even if u was on the steep mountain side. 
People live almost in the midst of the great excavation, and th^ 
soon become accustomed to the nimble of the train above, below, 
around, and in fact on all sides. 

When the traveler has satisfied his curiosity regarding both the 
mine and the town he can return bj way of the Denver Sb Bio 
Grande Western Railroad, which runs in the bottom of the canyon, 
to Salt Lake City to resume his westward journey, if he has not 
reached the end of his route. 



to a mazimum of 206,000,000 pounds in 
1017; in 1920 It was 106,600,000 

pounds. The ag:f:regate production for 
the district to the end of 1920 bus !)een 
2,1(X),CKX»,(X)U pounds. In 1915 ttie gold 
and silver were about ten times, the 
lead twenty times, and the copper 
thirty times tiie output in 1900. 
Bingham sbonld hare celebrated its 
flftteth anniversary in 191,1, but the 
dato was forgotten in the anxiety to 
add to a record of metal output valued 
at nearly $280,000,000 in 50 years. 
Tlie total value at tb» end of 1920 
was 1088,000,000. 



Sevezat lafge low-grade depoaitB are 

worked in other StatSS^t Ely, Nev. ; 
Ray and Miami, Ariz. ; and Chino, 
N. Mex. — but these do not compare in 
size or output with the mine of the 
Utah Copper Co. Credit for the great 
aciiieTement must be i^ven to many. 
OoL B. A. Wall always bad implicit 
^th that this grade of mineral would 
eventually become commercial ore. 
The Boston Consolidated Co., with Mr. 
J. A. Bet ties, worked out many of the 
miuiug and milling difSculties, and 
credit for organisation and financing 
is due to OoL D. C JackUng. 
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